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DIMENS/ONALzy 
STABLE 


TRADE -MARK 


MAINTENANCE 


If you think of carbon only in terms of complete furnace linings, 
check these other important locations in and around the furnace 

KEEP THESE where “National’”’ carbon brick and shapes will also save time 
STANDARD SIZES and money as a maintenance refractory: 


NATIONAL 
O7t 


/ RUNOUT TROUGHS 
see / CINDER NOTCH LINERS 
13%" x 6” x 3” series / CINDER NOTCH PLUGS 
9” x 6 x 3” series / SPLASH PLATES 
9 x 4%" x 2%" series SKIMMER PLATES 
Many More! 


The term “National” is a registered trade-mark of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation, 30 East 42nd Street, New York 17, N. Y. 
District Sales Offices: Atianta, Chicago, Dallas, Kansas City, New York, Pittsburgh, San Francisco 
In Canada: National Carbon Limited, Montreal, Toronto, Winnipeg 


\ 
a= 
FES 2: \ 
WA 


Published to provide a continuing, authori- 
tative, and up-to-date record of tech- 
nological, engineering, and economic 
progress in all branches of the metals 
industry by the 
Metals Branch 
American Institute of Mining and 
Metallurgical Engineers, Inc. 
29 West 39th Street, New York 18 


ALVIN S. COHAN 
Acting Manager of Publications 
Editor, JOURNAL OF METALS 


D G GARRETT M. A. MATZKIN 
G. M. ZILL 
Assistant Editors 
E PUGSLEY Production Manager 
J) SEWING Asst. Prod. Mgr 
e @ 
METALS BRANCH COUNCIL 
icCutcheon Chairman 
kendall Secretary 
IMD Chairman 
1SD Chairman 
EMD Chairman 
R. D. Parks 
Eppelsheimer 


EDITORIAL ADVISORY COMMITTEE 
JS Smart, Jr Chairman 
Evan Just 
John Marsh 
M. Tenenbaum 
TECHNICAL PUBLICATIONS 
COMMITTEES 
). 1. Laudermilk AIME Chairman 
W.C. Ellis IMD Chairman 
E. W. Pierce ISD Chairman 
} Glasser EMD Chairman 
E J Kennedy, Jr Secretary 
JAMES A STANGARONE 
Advertising Manager 
FRED STANLEY 
Eastern Representative 
The AIME Publishes: 
nal of Metals 
ng Engineering 


etroleum Technology 


ea 


VOL. 5, NO. 10 OCTOBER, 1953 


METALS 


CF&l — Expansion By Diversification 
COVER 


This aerial photograph shows the Pueblo plant of CFGI, to which a new $30 million 
seamless tube mill has just been added. When CFG&I was founded in 1872, Pueblo was 
its only plant—today it is one of 14. The story of the corporation and its operation 
begins on page 1308. 
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Ferro-Alloys 


@ FERRO -SILICON 25 - 50 
65 -75 -85 - 90% 


SPECIAL BLOCKING 50% 
FERRO - SILICON 


SILICON METAL 


FERRO - MANGANESE 


HIGH CARBON FERRO- 
CHROME 


LOW CARBON FERRO- 
CHROME SILICON 


BOROSIL 


SIMANAL 


Briquets 


@ SILICON 


MANGANESE 


SILICO - MANGANESE 


CHROME 
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Radiating surface and 
cooling speed have 
been increased by 


Cracking and inword 
creep are prevented 
by CURVED SIDE- 
WALLS. 


Distortion of the open 
diameter of the pot is 
resisted by EXPANSI- 
BLE RIMS. 


Pot is suspended by 
BOTTOM SUPPORT 
BRACKETS to prevent 
strain on critical sec- 
tions of the pot walls. 


Johnston Patented Cinder Pots are adaptable to 
your particular plant requirements—from small units 
for use with electric furnaces to giant thimbles for 
blast furnace and open hearth operations. 

Let us discuss your slag handling problems with 
you, and help you put Johnston Cinder Pots to work 
correcting them. For full information, wire, write, 
or call: 


"Stickers" are pre- 
vented by optional 
BOTTOM COATING 
OF COPPER. 


MACKINTOSH-HEMPHILL CO. 


PITTSBURGH AND MIDLAND, PA. 
Makers of the Rolls with the Striped Red Wabblers 


REDUCE YOUR SLAG HANDLING COSTS... — 
JOIN THE TREND TO JOHNSTON CORRUGATED POTS 


MACKINTOSH-HEMPHILL PRODUCTS INCLUDE: rolls . . . steel and Write for a copy of the new 
jal alloy castings . . . letely integrated strip mills . . . hea . 


Johnston patented corrugated cinder pots and slag-handling equipment 
levellers 


"Johnston Corrugated Cinder Pots.” 


. 
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In the four modern plants of 


THE COLORADO FUEL AND IRON CORPORATION 
you will find... 


¢ 


RAA 


wa 


in continuous service today... 


The two double-deck Vaughn Motoblocs 
purchased by The Colorado Fuel and 
Iron Corporation in 1926 are among the 
| great number of Vaughn machines serv- 
| ing this leading wire producer today. 
Vaughn Jongevity of performance is 
part of the profit picture, too! 


The leaders in the wire industry accord 


preference to VAUGHN for outstanding VAUGHN BOX SCORE 


wire production efficiency in machines at Colorado Fuel and Iron 


of every type . . . for progressive design, 
engineering and craftsmanship . . . for TYPE PUEBLO | ROEBLING 
flexibility and versatility in service .. . 
for low maintenance and long useful life. ape bono. 32 162 84 16 
There is a type and size of Vaughn Wire Auxiliary 
Drawing Machine that can make money Machines 29 120 62 9 
f oduction. Let 
ror =| 61 282 | 146 | 25 
‘ discuss the point with you, at your 


convenience. 


COMPLETE COLD DRAWING EQUIPMENT 


. . » Continuous or Single Hole . . . for the 
Largest Bars and Tubes . . . for the Smallest 
Wire . . . Ferrous, Non-Ferrous Materials or = 


7 J 
» 
the Draw: 
| — —. 
| The Vaughn Machinery Company, Cuyahoga Falls, Ohio, U.S.A. ee 


Battery of Koppers-Becker Coke 
Ovens at the Colorado Fuel & 
Iron Corp., Pueblo, Colorado. 


Symbol of Our Services 


for the Colorado Fuel & Iron Corporation 


@ These Koppers-Becker Coke 
Ovens symbolize the services we 
have performed for the Colorado 
Fuel & Iron Corporation over a per- 
iod of years of pleasant association. 


KOPPERS 
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Besides building coke ovens for 
this famous company, Koppers has 
designed and constructed many 
other installations such as tar re- 
covery equipment . . . ammonium 


KOPPERS COMPANY, 


Engineering and Construction Division 


sulphate recovery and handling 
equipment, and light oil recovery 
and refining equipment, including 
continuous stills and rectifying 
columns. 


INC. 


Pittsburgh 19, Pennsylvania 
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F. L. Hennessy (p. 1367) joined Mt. 
Morgan, Ltd., Queensland, Australia 
in 1951 as metallurgical assistant. He 
was later promoted to assistant su- 
perintendent of No. 1 mine and then 
named acting superintendent. He is 
now superintendent of the mine. Mr. 
Hennessy was born at Victoria, Aus- 
tralia and is a graduate of the Uni- 
versity of Melbourne. His hobbies 
are mainly outdoor sports; golf, 
game shooting, rowing, and tennis. 


G. M. Willis (p. 1367) was born at 
Kyneton, Victoria, Australia and 


graduated from the University of | 
From | 


Melbourne (B.Sc., M.Sc.). 
1939 to 1941 he was a research assist- 
ant in physical chemistry at the Uni- 
versity of Melbourne. He was named 
senior lecturer in chemical metal- 
lurgy in 1942. Mr. Willis holds mem- 
bership in the Australian Institute of 
Mining and Metallurgy, Royal Aus- 
tralian Chemical Institute, and In- 
stitution of Metallurgists. In his 
spare time he reads or works in his 
garden. 


F.L. HENNESSY G. M. WILLIS 


V. Hospadaruk (p. 1375) is presently 
a research associate in the dept. of 
chemistry at Duke University, Dur- 
ham, N. C. Dr. Hospadaruk was born 
in Montreal and holds B.Sc. and 
Ph.D. degrees from McGill Univer- 
sity. Photography, painting, and lis- 
tening to music are his hobbies. 


C. A. Winkler (p. 1375) was associat- 
ed with the National Research Coun- 
cil of Canada for three years, prior 
to joining the staff of McGill Univer- 
sity, where he is professor of chem- 
istry. Dr. Winkler holds degrees 
from the University of Manitoba, 
McGill University, and Oxford Uni- 
versity. He paints in oils and when 
time permits, enjoys traveling. He 
is a fellow in the Royal Society of 
Canada and Chemical Institute of 
Canada. 


Carl J. McHargue (p. 1382) has re- 
cently accepted a position as metal- 
lurgist with the Oak Ridge National 
Laboratory, Oak Ridge, Tenn. Dr. 
McHargue was born at Corbin, Ky. 
and is a graduate of the University 
of Kentucky (B.S., M.S., D.E.). He 
had been a research associate at the 
University from 1949 until 1953. His 
main interests are tennis and photog- 
raphy. 


Meet The Authors 


D. N. Williams (p. 1378) formerly 
associated with the Missouri School 
of Mines and Metallurgy is now with 
the div. of metallurgical research, 
Kaiser Aluminum & Chemical Co., 
Spokane, Wash. Born at Salt Lake 
City, Dr. Williams attended Michigan 
College of Mining and Metallurgy. 
In his free time Dr. Williams enjoys 
fishing and photography. 


D. S. Eppelsheimer (p. 1378), profes- 
sor of metallurgical engineering at 
the Missouri School of Mines and 


“KNOW-HOW” 


Prepared to serve you 
with maximum efficiency 
ANYWHERE ~ at ANYTIME! 


CONSULT US ON YOUR 


NEXT BLASTING PROBLEM 


Serving Steel for Over 30 Years 


Metallurgy, is an alumnus of Har- 
vard. In 1933, Dr. Eppelsheimer was 
research assistant at Harvard and 
then joined the Union Carbide & 
Carbon Research Laboratories, Niag- 
ara Falls. From 1938 to 1945 he was 
professor of industrial engineering, 
experiment station, University of 
New Hampshire. He was also asso- 
ciated with Metal Hydrides, Inc., 
Beverly, Mass. A Member of the St. 
Louis AIME Section, he is also a 
member of numerous professional 
societies both here and abroad. 


Allantie 1-4674 
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SALAMANDER OR SLAG REMOVAL 
CHICAGO CONCRETE 
BREAKING 
12233 Avenue 0, 33, 
BAyport 1-8400 
PITTSBURGH 19, PA. 
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MOUNTAINS OF MAGNESITE 


@ From the hills of the west in Washington 
State, and the sea-water off the shores of New 
Jersey, comes magnesite, an essential raw material 
for many refractories. 

These storage piles of magnesite grains at 
Grerco’s Baltimore Works await processing to 
become part of the manifold basic refractory 
products urgently required by America’s metal- 
lurgical and other industries. 

Rivex ... STEELKLAD . . . most Grerco burned 
basic brick . . . all contain substantial amounts of 
magnesite which gives them high refractoriness 
and slag resistance necessary for their use in open 
hearth furnace bottoms . . . front and back walls 

. end structures .. . roofs . . . in open hearth 
mixers and in their many other applications in 
the steel industry. 

When the nation prospers and steel is on the 
move, you can see these mountains of magnesite 
dwindle and be replenished. At such times, for 
magnesite and all other refractories, Grerco 
offers its far-flung facilities for raw materials 
production, its many manufacturing plants, and 
its hundreds of distributing agencies to insure a 
steady flow of dependable high quality refrac- 
tories for all industry. If you have a furnace of 
any kind, call on Grerco for a truly complete 
refractories service. 


In Baltimore GREFCO maintains the 
world’s most complete refractories research 
laboratories for experimental operations, 
and to analyze and control the high quality 
of its regular production. 


When you count on GREFCO, you can be 
sure—because we make sure! 


GENERAL REFRACTORIES COMPANY 


PHILADELPHIA 


— 


Sept. 28-Oct. 1, Assn. of Iron and Steel En- 
gineers, annual convention, William Penn 
Hotel, Pittsburgh 


Sept. 30,-Oct. 7, Iron and Steel Institute, 
Amsterdam, Netherlands. 


Oct. 2, Material Handling Institute, Shera- 
ton-Plaza Hotel, Boston 


Oct. 5-7, ASME, fall meeting, Hotel Sheraton, 
Rochester. 


Oct. 6, AIME, National Open Hearth Steel 
Committee, Buffalo Section, Hamilton, Ont., 
Cenada. 


Oct. 7, AIME, National Open Hearth Steel 
Committee, Chicago Section, Phil Smidt’s, 
Chicago. 


Oct. 7-0, National Assn. of Consulting Engi- 
neers, south central region, Mayo Hotel, 
Tulsa, Okla. 


Oct. 8-9, National Conference on Industrial 
Hydraulics, annual meeting, Hotel Shera- 
ton, Chicago. 


Oct. 8-0, American Society for Quality Con- 
trol, midwest conference, Masonic Temple, 
Davenport, lowa 


Oct. 9, AIME, St. Louis Local Section, St. 
Louis University, St. Louis, Mo. 


Oct. 0, AIME, National Open Hearth Steel 
Committee, Eastern Section, fall meeting, 
Warwick Hotel, Philadelphia 


Oct. 14-17, Engineers’ Council for Profes- 
sional Development, Hotel Statler, New 
York 


Oct. 15-17, AIME, National Open Hearth Steel 
Committee, Southwestern Section, fall 
meeting, Baker Hotel, Dallas, Texas. 


Oct. 19-21, AIME, Institute of Metals Div., 
fall meeting. Hotel Allerton, Cleveland. 


Events 


Oct. 19-23, American Society of Civil Engi- 
eg annual meeting, Statler Hotel, New 
ork. 


Oct. 19-23, National Metal Congress and Ex- 
hibition, Cleveland. 


Oct. 20-22, Industrial Packaging and Mate- 
rial Handling Exhibit, Boston. 


Oct. 22, AIME, St. Louis Local Section, En- 
gineers Club of St. Louis and ASCE, Engi- 
neers Club, St. Louis. 

Oct. ef Consulting Chemists & 

Chemical Engineers, 25th anniversary an- 

— meeting, Hotel Belmont Plaza, New 
ork. 


Oct. 28-Nov. 2, AIME, El Paso fall meeting, 
El Paso. 


Oct. 20-30, AIME Coal Div., ASME 
Div.. Conrad Hilton Hotel, Chicago. 


27, Assn. 


Fuels 


Oct. 29-31, National Council of State Board 
of Engineering Examiners, annual meet- 
ing, Plaza Hotel, San Antonio, Texas. 


Oct. 30-31, AIME, National Open Hearth Steel 
Committee, Southern Ohio Section, Desh- 
ler-Wallick, Columbus. 


Nov. 4-6, Time and Motion Study and Man- 
agement Clinic, Sheraton Hotel, Chicago. 


Nev. 5-6, Pittsburgh Diffraction Conference, 
Melion Institute, Pittsburgh. 


Nov. 5-7, Electron Microscope Society of Am- 
erica, annual meeting, Pocono Manor Inn, 
Pocono Manor, Pa. 


Nov. 6, AIME, Pittsburgh Section, NOHC, 
Pittsburgh Section, off-the-record meeting, 
William Penn Hotel, Pittsburgh. 


Nev. 11, AIME, Connecticut Section, Ham- 
mond Metallurgical Laboratory, Yale Uni- 
versity, New Haven 


Nov. 11, AIME, National Open Hearth Steel 
Committee, Western Section, Rodger 
Young Auditorium, Los Angeles. 


Nov. 13, AIME, St. Louis Section, coal meet- 
ing, York Hotel, St. Louis. 


Nov. 29-Dec. 4, ASME, annual meeting, Stat- 
ler Hotel, New York. 


Nov. 30-Dec. 5, Exposition of Chemical In- 
dustries, Commercial Museum and Conven- 
tion Hall Philadelphia. 


Dec. 1-4, National Assn. of Corrosion Engi- 
neers, conference, University of Oklahoma. 


Dec. 2-4, AIME, Electric Furnace Steel Con- 
ference, Netherland-Plaza Hotel, Cincin- 
nati. 


Dec. 11, AIME, St. Louis Section, York Hotel, 
St. Louis. 


Dec. 13-16, American Institute of Chemical 
Engineers, annual meeting, Hotel Jefferson, 
St. Louis. 


Dec. 28-29, Annual Chemical Engineering 
a University of Michigan, Ann 
Arbor. 


Jan. 13, 1954, AIME, Connecticut Section, 
Bridgeport Brass Co., Bridgeport. 


Jan. 20, AIME, National Open Hearth Steel 
Committee, Western Section, Rodger 
Young Auditorium, Los Angeles. 


Feb. 15-18, AIME, annual meeting, Metals 
Branch, Hotel McAlpin; Mining and Pe- 
troleum Branches, Hotel Statler, New 
York. 


Mar. 17, AIME, National Open Hearth Steel 
Committee, Western Section, Rodger 
Young Auditorium, Los Angeles. 


Apr. 5-7, AIME, Blast Furnace, Coke Oven, 
Raw Materials and National Open Hearth 
Conference, Palmer House, Chicago. 


PHYSICAL METALLURGISTS Re- 
cent graduates with bachelor’s and 
advanced degrees desired for expand- 
ing research program on copper, tita- 
nium and other metals. An opportu- 
nity for a permanent position with 
progressive and successful company 
in Southern New England Please 
give details of education, experience 
and interests 

Box H-25 JOURNAL OF METALS 


PRODUCTION METALLURGISTS. 
Desire a Metallurgist, preferably with 
experience in jet engine manufacture. 
Must be capable of handling produc- 
tion problems relative to forging, heat 
treating, and machining College 
graduate preferred. State salary, date 
available, and experience in applica- 
tion 


Box H-22 JOURNAL OF METALS 


Metallurgist, 25, single, five years’ ex- 
perience in copper milling operations 
and control Interested plant and 
process development. Seeks responsi- 
ble position in nonferrous mill or 
mineral dressing organization. Loca- 
tion North America. 


Box H-24 JOURNAL OF METALS 
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METALLURGISTS 


METALLURGICAL ENGINEERS 


with 


Powder — Fabrication 


oR 


General Physical Metallurgy Experience 


TO PARTICIPATE IN THE RAPIDLY EXPANDING 
APPLICATION OF ATOMIC ENERGY TO INDUSTRIAL USE 


Send Resume to: 
Mr. E. W. Doty, Manager of Personne! 
Atomic Energy Div. 
Sylvania Center, Bayside, t. I. 


SYLVANIA 


ELECTRIC PRODUCTS INC. 


Where You Can Live and Work 
in New York's Finest Residential Arca 


WANTED—For Mineral Resources 
Development Corporation, an 
agency of THE GOVERNMENT OF 
THE UNION OF BURMA, for posi- 
tions of Departmental Head. 
NON-FERROUS METALLURGIST: 
Qualifications: University Degree 
in Metallurgy or equivalent qualifi- 
cation. Adequate experience of 
methods of ore dressing, smelting 
and refining. Extensive plant de- 
sign experience. Should be familiar 
with the use of electrolytic and 
electrothermic processes in the re- 
duction of zinc and with oxidation 
and reduction of antimony. Duties: 
Advice on methods of beneficiation 
of low-grade ores and on setting 
up of smelting and refining indus- 
tries in zinc, tin, antimony and 
cobalt, and extraction of sulphuric 
acid from smelting and industrial 
gases. Setting up of pilot plants. 
Supervision of any construction 
work on smelting and refining 
plants. 

Apply to: THE DIRECTOR-GEN- 
ERAL, MINERAL RESOURCES DE- 
VELOPMENT CORPORATION, Sec- 
retariat, Rangoon, Burma, with ref- 
erences giving full particulars of 
age, education, qualifications and 
experience (in chronological order), 
stating salary and terms required. 


| 
ATOMIC 
ENERGY 
DIVISION 
\ 


— Parsonnel Service 


T* following employment items are made 
available to AIME members on a non- 
profit basis by the Engineering Societies Per- 
sonnel Service, Inc., operating in cooperation 
with the Four Founder Societies. Local offices 
of the Personnel Service are at 8 W. 40th St., 
New York 18; 100 Farnsworth Ave., Detroit; 
57 Post St., San Francisco; 84 E. Randolph St, 
Chicago 1. Applicants should address all mail 
to the proper key numbers in care of the 
New York office and include 6c in stamps 
for forwarding and returning application. The 
applicant agrees, if placed in a position by 
means of the Service, to pay the placement 
fee listed by the Service. AIME members may 
secure a weekly bulletin of positions avail- 
able for $3.50 a quarter, $12 a year. 


MEN AVAILABLE 


Metallurgical Engineer, married, 
3 children, age 39. Experienced 
supervisor in pyro and hydromet- 
allurgy. Interested in supervisory 
position in United States with com- 
pany offering a future; desire to 
make permanent connection. M-110. 


Geologist, M. S. Heavy experience 
in seismograph interpretation. De- 
sires position as subsurface geologist 
or seismic interpreter. M-111 


POSITIONS OPEN 


Metallurgist for basic research | 


on materials heat treatment and in- 
vestigation production manufactur- 
ing problems in machining, heat 
treating, and grinding. Must have 
B.S. in metallurgy, mechanical or 
chemical engineering. Experience in 
metal and fabricating industry de- 
sirable. Must have ability to analyze 
and report on technical problems. 
Salary, $3900 to $4680 a year. Lo- 
cation, Connecticut. Y9079. 


METALLURGIST. 15 years’ diversi- 
fied industrial and research experi- 
ence. Physical metallurgist with 
strong background in metallurgical 
engineering. Well versed in modern 
laboratory and fabrication practices. 
Past 6 years and present employed in 
staff position demanding resourceful- 
ness and adaptability. Supervisory 
experience. M.S. and Ph.D. degree. 
Foreign languages. Married. Age 39, 
desires challenging position and pro- 
fessional advancement. First rate ref- 
erences 
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METALLURGICAL ENGINEER 
SOUTHERN CALIFORNIA 


Permanent position in estab- 
lished Zinc Smelter. Degree 
and operating experience in 
Zinc Smelting Salary 
open. Location Los Angeles. 
Apply by letter indicating age, 
educational and technical back- 
ground. Enclose recent snap- 
shot, if available. 


Box H-23 
JOURNAL OF METALS 


Physical Metallurgist interested 
in research and development work 
on nonferrous alloys. Prefer man 
with advanced academic training 
or up to ten years experience in 
theoretical and practical physical 
metallurgy. Clean, attractive com- 
munity in Pennsylvania. Apply by 
letter giving full details, references 
and expected salary. Y8891. 

Metallurgist with five to ten years’ 
experience, plant engineering and 
maintenance experience covering 
machinery failure analysis, inspec- 
tion, magnaflux testing, heat treat- 
ment, welding, etc., in steel mill or 
heavy equipment fields. Salary, 
$6800 to $7800 a year. Location, 
eastern Pennsylvania. Y9019. 


Structural Steel Standards Engi- 
neer, up to 70, to advise on design 
and construction of structural steel 
shapes and standards. Must have 
had at least five years’ experience in 
structural steel analysis and stand- 
ards work. Must be US. citizen. 
Two year contract. Salary, $15,000 
to $20,000 plus 25 pct overseas 
bonus, plus cost of living and round 
trip transportation for self and 
family, personal effects and auto. 
Location, India. C1224(h). 


Metallurgists for mineral dress- 
ing; some flotation experience de- 
sirable. Salary, $4800 to $5700 a 
year depending on experience. Lo- 
cation, California. Y9051S. 


AS USED IN NEW SEAMLESS MILL 
The Colorado Fuel and Iron Corporation 


PUEBLO, COLORADO 


BARS 
for TUBES 


ory 
| = 


Model 4KTC (pictured) 


TUBES FROM O.D. to 12° O.D. 


Revolutionary - 


ss line 
ides. 


positive 
without eu" 


BARS FROM 3%" DIA. to 72" DIA. 


Now available in all sizes 
for HIGH PRODUCTION—HIGH QUALITY 
ACCURATE STRAIGHTENING of ferrous 
or non-ferrous tubes or round bars. 


SUTTON 


COMPANY 


STRAIGHTENERS, SHEET LEVELLERS, HYDRAULIC STRETCHERS, GAG 
PRESSES, ROTARY CLEANERS, HEAVY DUTY UNIVERSAL JOINTS, ROLLS 


BELLEFONTE, PENNSYLVANIA 


STRAIGHTENING IS OUR SPECIALTY 


For a generation, Sutton Engineering Company has 
been privileged to furnish straightening equipment 
for ferrous and non-ferrous metal industries. 


ASK FOR A PROPOSAL AT NO OBLIGATION 
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Published by Electro Metallurgical Company. a Division of Union Carbide and Carbon Corporation, 30 East 
42nd Street, New York 17, N. Y.- In Canada: Electro Metallurgical Company of Canada. Limited, Welland, Ontario 


A Digest of the Production, Properties, and Uses of Steels and Other Metals 


MANGANESE . 
Deoxidizer and Tow 


Manganese is one of the most important 
alloys used in making steel. It is practi 
cally indispensable as a deoxidizer and 
cleanser for improving the hot-working prop- 
erties of steels. When used as an alloying 
element, it makes steel stronger and tougher 
and it is therefore an important constituent 
of many structural and engineering steels. 


Deoxidizes and Cleans Steel 


The effectiveness of manganese in de- 
oxidizing steel was first recognized in 
1856, when it was used in the Bessemer 
rocess of steelmaking to counteract the 
Pad effects of sulphur; in fact, manganese 
made this process a commercial success. 
Today, manganese is used as a deoxidizer 
and cleanser in the production of nearly 
all grades of open and electric 
furnace steel, as well as high-grade cast iron. 


Research work carrried out recently in 
laboratories at Niagara 
Falls, New York, has provided new and 
important information on the value of 
manganese as a deoxidizer. This work 
shows that manganese is a more effective 
deoxidizer than has been previously real 
ized; and that a combination alloy of silicon 
and manganese is a much stronger deoxidi 
zer than either silicon or manganese by itself. 
Complete information is given in a report 
entitled “Solubility of Oxygen in Liquid 
Iron Containing Silicon and Manganese.” 
If you would like a copy of this report, free 
of charge, write to the address above. 


Improves Hot-Working Properties 


By combining readily with sulphur, man 
ganese performs another valuable job, it 
removes the principal cause of hot-shortness 
or brittleness—thereby giving steel better 
rolling and forging properties. In this re 
action, the manganese combines with the 
sulphur to form: manganese sulphide, as 
fol ows 


Mn + FeS = MnS + Fe 
The manganese sulphide remaining in the 
steel is a less harmful tv pe of inc lusion than 
the iron sulphide would be, and the hot- work 
ing properties of the steel are improv ed, 


hener for Steel 


The weakening and embrittling tenden 
cies of sulphur in cast iron can also be 
counteracted by the addition of manganese 
to the cupola charge. 


Dipper bucket teeth, cast of Hadfield 


Increases Strength, Toughness, and manganese steel, actually increase 
in hardness under abrasive wear 
Wear-Resistance 
from gravel and rock in construction 
work — thus last many _ times 


When used as an alloying element in steel, 
manganese produces a steel with greater 
strength et toughness, and there is no 
serious loss of ductility. Additions of about | 
13 per cent manganese produce the well 
known Hadfield manganese steel. High 
manganese steels have ept ynal resistance 
to = and consequently they have many Etectromer Alloys 
applications in engineering jobs. Instead 
of wearing away quickly under conditions Manganese is produced by ELecrromet 
combining severe pressure, shock, and in forms suitable for practically every use 
abrasion, these steels actually become of the iron, steel, and non-ferrous metal 
harder through use. Thus, they last longer. industry. Some of the ELecrromet prod 
ucts are listed below. For a complete de 
scription of these alloys, write for a copy of 


longer than those of ordinary steel. 


teeth, and dredge-bucket lips. The chief 
applications of manganese steel are in rails 
used for special service, and light forgings 
subjected to heavy wear. 


Because of the tendency of high-man 
ganese steels to work-harden, they serve 
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the booklet, “Erecrromer Products and 
| Service.” 


industry in important and varied applica- 
tions. Manganese steel castings, for exam 


» are . ; . The terms “EM” and “Electromet” are registered 
ple, are used for railroad frogs and crossings, _| terms ne 

. | trade- ks of Union Carbide and Carbon Cor- 
tock-crusher parts, steam-shovel dipper | 


Alloys of Manganese and Their Uses 


The product most commonly used for adding manganese 
Standard Ferromanganese to steel for the purpose of alloying or deoxidizing and 


cleansing. 


Low-Carbon Ferromanganese For adding manganese to steels having a low carbon con- 
tent, such as stainless steels of the 18 per cent chromium, 


8 per cent nickel type. 


Medium-Carbon Ferromanganese Commonly used for making manganese steel containing 1.50 
to 2.00 per cent manganese, and in the production of 


Hadfield manganese steel. 


Low-lron Ferromanganese For applications in the nickel, aluminum, and copper 
industries where a low-iron alloy is required. 


Silicomanganese Used by the steel industry as a furnace block; as a deoxi- 
dizer; and also for manganese additions, particularly in the 
production of engineering steels containing 0.10 to 0.50 per 
cent carbon. 


“EM” Silicomanganese Briquets | For ae manganese (with silicon) to cast iron im the 
| cupola. 


arava : | For adding manganese {without silicon) to cast iron in 
EM” Ferromanganese Briquets 


| 
\ 
i ‘ 
| 
| 
| 
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ASKANEA conrros 


at C.F. & I., Pueblo 


There’s not room here to show them all. But these three panels are 
typical of the Askania furnace control installations at the Pueblo plant 
of The Colorado Fuel and Iron Corporation. 


Steel men—including those at C.F.&I.—know that Askania Controls 
are engineered and built to do the job better and longer. The Jet Pipe 
principle makes them the simplest effective controls. Hydraulic opera- 
tion means fast operation, plenty of power, and low maintenance. 


Write for Bulletin 116, “Askania Controls for Soaking Pits,”’ and for 
Bulletin 139, “Askania Controls for Pressure, Flow and Proportion- 


” 


ing. 


Six 4-hole soaking pit batteries with complete 
Askania control. Accurate control over wide 
flow ranges makes Askania the preferred soak- 
ing pit control 


Askania control panel for 4-zone ro- 
tary hearth furnace in seamless tube 
mill at Pueblo 


Askania control panel for two 3-zone 
reheat furnaces at Pueblo. 


N | A REGULATOR COMPANY 


240 E. Ontario Street, Chicago 11, Illinois 


Subsidiary of General Precision Equipmeat Corp. 
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Tube mill 
- 
and Iron Corp. 


Mechanical Installation — 
OF MILL BY 


Eichleay 


The new seamless Tube Mill is the first 
such mill to be built in the West. We 
congratulate the management for its 
initiative, its vision and its courage 
which made this important develop- 
ment possible. We are happy to have 
had a part in this great expansion 
program. 

Our participation consisted of the com- 
plete erection of the building to house 
the mill and the mechanical installa- 
tion of the new Aetna-Standard Seam- 
less Tube Mill. 


CORPORATION 


33 South 19th St., Pittsburgh 3, Pa. 
- 681 Market St., San Francisco 5, Calif. 
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In 1949 Eichleay installed the new 
type Morgan Rod Mill, also the 
heavy cranes and all Mechanical 
Equipment, and erected the struc- 
tural steel of the building which 
houses the mill. 


This picture shows a new Blast Fur- 
nace Shell weighing 450 tons and 
towering 163 feet, being moved 100 
feet and placed on foundation, at 
the Minnequa Works at Pueblo, 
Colorado. 


This furnace was built off site while 
the old one was in full operation, 
thus saving many weeks of pig iron 
production. 
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“UNITRON 
METALLOGRAPH 


and Universal | 
Camera Microscope 


VISUAL OBSERVATION and PHOTOGRAPHY 
OPAQUE and TRANSPARENT SPECIMENS 


BRIGHT FIELD, DARK FIELD 
and POLARIZED ILLUMINATION 


This Is the instrument al! metals engineers are talking 

ebout. Instently converted for transparent speci- 

mens using the transmitted light accessories included 

but not iilustrated). Units of comperative quality 

versatility, and performance cannot be obtained for 

less than twice the price! 

the image automatically in focus in the comera— 
the transition from observation to photography is 
Instantaneous. 

* compect and entirely self-contained with built-in 
camera, light, variable transtormer. 

complete range of magnification: 25-1500 
visually, 37-2250 photographically. Equiooed 
with 5 objective lenses and revolving nose piece, 
3 photographic eyepieces on revolving turrett 
3 visual eyepleces. 

® many other importent feat and ies in- 
cluding calibrated mechanical stege, filters, poleri- 
sing epperetus, micrometer eyepiece, film holder 
hardwood case, etc. 


fob B 
COMPLETE UNIT $940 


Metallurgical Microscope MMU 


Model MMU pioneers several new features avail- 

able for the first time, as well as including features 

found only in instruments selling for over twice our 

unusually low price. fur metals and other opaque 

specimens and also transparent specimens, under 

both ordinery end polerized light. An ideal, all- 

purpose, laboratory instrument. 25-1500X. 

* wanslormer built into 
microscope base. 

* vertical illuminator with 
Iris diaphragm end filters. 

* iMluminator mounts on 
stege for oblique lighting. 

illuminator mounts sub- 
stage for tans. specimens 

® coarse and fine focusing. 

* focusable stege 

* calibrated drawtube 

polerizing epparetus 

* revolving nosepiece with 
objectives Sx, 
40x, 100x 

* evyepieces:; PSX, 


Ki 
COMPLETE with all 
$287 


Write to Dept. JM-10 for illustrated literature 
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Books for Engineers 


Elements of Heat Treatment, by 
George M. Enos (deceased) and Wil- 
liam E. Fontaine. John Wiley & Sons, 
Inc. $5.00, 286 pp., 1953. The major 
heat treatment processes, annealing, 
hardening, tempering, and normal- 
izing are defined. The authors show 
how each process is used to get the 
metal characteristics needed for a 
specific job. Cartoon type illustra- 
tions lend clarity and interest to the 
book. Casting, forging, rolling, weld- 
ing, machining, and other processes 
related directly or indirectly to heat 
treatment are briefly discussed. The 
book will be of interest to those who 
wish to know the principles behind 
heat treatment without attending a 
formal course and those who work 
with metals in industry and need to 
know the why as well as the how. 


Engineering Metallurgy, by Bradley 
Stroughton, Allison Butts, and Ard- 
rey M. Bounds. McGraw-Hill Book 
Co. $7.50, 479 pp., 1953. This revised 
fourth edition is an up-to-date study 
of metallurgy designed to be used by 
engineering students, particularly 
those who do not plan to specialize in 
metallurgical engineering. Subjects 
which have assumed greater import- 
ance have been expanded and new 
developments since World War II 
have been added. 


Advances in Applied Mechanics, 
Vol. Hil. Edited by Richard von 
Mises and Theodore von Karman. 
Academic Press, Inc. $9.00, 324 pp., 
1953. Eight papers by specialists are 
presented dealing with important 
subjects of present day research. 
There are two papers on fluid flow 
and one each on boundary layer 
problems in applied mechanics, aero- 
dynamics of blasts, shocks in mixed 
subsonic-supersonic flow patterns, 
vortex systems in wakes, theory of 
the ideal plastic body, and methods 
of analysis of nonautonomous sys- 
tems. 


X-ray Crystallography, by R. W. 
James. John Wiley & Sons, Inc. $1.75, 
101 pp., 1953. Intended as an outline 
of the main principles underlying 
the methods of crystal analysis of 
X-rays, no attempt is made to deal 
with detailed or complicated situa- 
tions. The successive editions have 
incorporated new techniques and re- 
cent development. 


Review of Metal Literature. Edited 
by M. R. Hyslop. American Society 
for Metals. $15.00, 977 pp., 1953. This 
is an annotated annual survey of 
articles and technical papers appear- 
ing in several hundred engineering, 
scientific, and industrial journals and 
books received in the library of Bat- 
telle Memorial Institute, and pub- 
lished in installments in Metals Re- 
view throughout the year. The main 


ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Department. Ten per cent discount 
given whenever possible. Order Gov- 
ernment publications direct from the 
agency concerned. 


arrangement is in classified form 
with author and subject indices. 


Properties of Metallic Surfaces 
(Monograph and Report Series, No. 
13). Institute of Metals. 368 pp., 1953. 
Thirteen papers presented at a sym- 
posium of the Institute of Metals 
including microscopical techniques 
in metallurgy, diffusion coatings, 
surface film properties and effects, 
etc. are contained in this mono- 
graph. Technical discussion and pa- 
pers are illustrated. 


An Introduction to Scientific Re- 
search, by E. Bright Wilson, Jr. 
McGraw-Hill Book Co., Inc. $6.00, 
375 pp., 1952. A book of practical 
suggestions for planning and carry- 
ing out scientific research intended 
for students beginning research and 
for the experienced research worker 
with little training in methods of 
investigation. Principles and pro- 
cedures applicable to a wide range 
of sciences rather than to a specific 
science are presented in the order 
in which they arise in research. 


PROFESSIONAL SERVICES 


Limited to AIME members, or to com 

panies that have at least one AIME 

member on their staffs. Rates $40 per 
year per inch. 


SCIENTISTS 
CONSULTANTS 
METALLURGISTS 


Small Jobs Welcomed 


SAM TOUR & CO., INC. 


Laboratories and offices 
44 Trinity Place, New York 6, N. Y. 


Testing—Certifying 
American Standards 
Testing Bureau, Inc. 


MAX STERN 
Consulting Engineer 
Expert for Scrap Recovery and Ship- 
wrecking — Modernization of Plants 
and Yards for Ferrous and Nonferrous 
Metal Scrap 


149 Broadway New York 6, N. Y. 
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United Scientific Co. 
204-206 MILK STREET, BOSTON 9, MASS I eee 


hydrogen 


quid 
metals 


Continuing research in the laboratories of 
American Metallurgical Products Company 
now gives you a new product branded 
Solo-H which removes hydrogen from 
molten metal with dramatic speed. Already 
operators are finding its use the easiest, 
most economical and most effective method 
ever devised. You may obtain it exactly 
as portrayed in this advertisement or in 
various other forms for special applications. 
Useful additions range from one ounce to 
twenty ounces per ton depending upon the 
conditions involved. Ventilation must be 
provided since fluorine gas is slowly released. 


The price of Solo-H is 50 cents per oz. in any 
quantity. Write, wire or phone for details. 


American Metallurgical Products Company 


3800 Ferbes 


Street 
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pENING AND TEMPERING OW PRODUCTION LINE BASIS 


SELAS RADIANT HEAT EQUIPMENT AT COLORADO FUEL 
AND IRON USED ON RAILS, TUBES AND SPLICE BARS 


Heating tube ends at 240 tubes per hour . . . hardening 39", 
sixty pound railroad splice bars at 20,000 pounds per 
hour . . . or hardening rail ends in minutes instead of hours— 
these are but a few of the automatic, production line heating 
operations achieved with Selas IH P. Selas equipment at 
Colorado Fuel and Iron includes: 


Rail-end hardening burner line 
Railroad splice bar hardening furnace 

Tube end heating furnaces for upsetting (2 units) 
Tube reheat line (18 Gradiation furnace units) 
Tube tempering line (8 Gradiation furnace units) 
Tube hardening line (8 Gradiation furnace units) 


In these plants as in other metal working plants throughout 
the nation, Selas I H P speeds heat treating, assures precise 
uniformity in every piece, improves production, cuts fuel costs. 

IH P is not a machine... not a furnace . . . not a method 
of heat treating, but a combination of Selas techniques and 
equipment using gas as a heating medium. Prove the savings 
possible in your plant with IH P. Write for the new booklet 
describing Selas Radiant Heat for metal working. 


mproved Heat Processing 


CORPORATION OF AMERICA 
PHILADELPHIA 34, PENNSYLVANIA 


Heat Processing Engineers for Industry + Development + Design + Manufacture 
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Burners positioned over rail ends to be hardened. 
Furnace in operation for heat treatment of railroad splice bars. a 


New Products 


1—NI PLATING: Development of a 
new bright nickel process has been 
announced by Hanson-Van Winkle- 
Munning Co. Equipment suitable for 
a Watts nickel bath is all that is re- 
quired. Deposits with Nickel-Lume 
have a bright white color, well 
leveled surfaces, low internal stress, 
good ductility, and highly active 
surfaces. The baths may be operated 
from room temperatures up to or 
beyond 140°F. 


2—RECORDING TURBIDIMETER: 
A new recording turbidimeter which 
continuously and automatically 
measures and permanently records 
the number of particles suspended 
in liquids has been announced by 
General Electric Co. 


3—FURNACE: A new automatic 
recirculating air draw furnace that 
features guided air flow circulation 
to give better uniform heat treat- 


of specimen has been an- 


ment 
nounced by the Blue M Electric Co. 
There is an automatic air shutoff 
that prevents burns to operators 
when inserting or removing mate- 
rials for the furnace. 


4—FAN SCALE CALCULATOR: 
This instrument aids the spectro- 
chemist by eliminating the necessity 
for actually plotting the emulsion 
characteristic curve, it operates as 
a simple slide rule to calculate re- 
sults quickly. Jarrell-Ash Co. 


cw Products 


New Literature 


For Further Information or Literature on any Product, Fill in the Coupon and Send to JOURNAL OF METALS 


Students are Requested to Apply Directly to Manufacturers for Bulletins and Information 


5—UNITLINE: The Ferguson unit- 
line is a production line unit which 
is completely automatic and which 
can be used for the clear heat treat- 
ment, carburizing, dry cyaniding of 
small parts or large parts which do 
not have to be handled on trays. No 
operator is required for its opera- 
tion because it can be placed into a 
production line and will take parts 
from a conveyor and deliver them to 
a discharge conveyor. Ferguson 
Equipment Co. 


6—STRIP COIL SPLICER: This 
new method and equipment permit 
coils to be end welded to supply a 
constant flow to strip to a continuous 
operation or coil build up to large, 
multiple length coils. Welds can be 
produced satisfactorily on carbon 
steel, stainless, silicon, aluminum, 
copper, and brass. Arms-Franklin 
Corp. 


7—RUST INHIBITOR: A rust in- 
hibiting oil additive offering protec- 
tion of ferrous surfaces is available 
from Atlas Powder Co. 


8—STRAIGHTENER: A straighten- 
ing machine designed particularly 
for heavy duty straightening of hot 
rolled bars and heavy walled tubes 
is announced by Sutton Engineering 
Co. Tubes from 1 in. OD to 10 OD 
and bars from 1 in. diam to 6% in. 
diam can be straightened at speeds 
up to 320 fpm. 


9—DIFFERENTIAL CONVERTER: 
New differential converter unit in- 
corporates a pilot relay transmitter 
that reduces air consumption to the 
minimum. The units are small, light- 
weight instruments for precise meas- 
urement of flow in industrial proc- 
esses. They convert the differential 
pressure of flow into air pressure, 
transmitting this through tubing to 
indicating, recording, or controlling 
instruments. Minneapolis-Honeywell 
Regulator Co. 


New Services 


10—WINDBOX SEAL: Sintering 
Machinery Corp. is equipping its 
metallurgical models of the Dwight- 
Lloyd sintering machines with the 
new Rowen windbox seal. This seal 
permits more efficient combustion, 
faster machine operation, and greater 
production. Another advantage is 
that it makes process applications 
involving gas concentration and gas 
recovery practical and economical 
operations. 


11—BONDED DIAMOND WHEELS: 
Addition of metal bonded diamond 
wheels in certain types, to its line 
of diamond wheels has been an- 
nounced by Raybestos-Manhattan, 
Inc. Lense grinding and glass edging 
are typical applications. 


12—STEREOSCOPIC MICRO- 
SCOPE: A 180° rotating binocular 
head, three-way stand, and a quick 
change nosepiece comprise the three 
new features of Galileo instrument. 
The rotating binocular head is in- 


clined at a comfortable 30° angle 
and turns on a vertical axis to per- 
mit either normal or inverted ob- 
servation. Opplem Co., Inc. 


13—VACUUM PUMP: A rotary 
pump that ends vapor condensation 
problems is announced by National 
Research Corp. The simple gas bal- 
last design prevents the vapors from 
condensing as they pass through the 
pumps. 


14— VIBRATING SCREEN: Produc- 
tion of a new model vibrating screen 
is announced by Diamond Iron 
Works, Inc. The 5-ft wide series 
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screens are available in 10, 12, and 
14 ft lengths. Adaptable for any in- 
stallation, they offer a choice of 1, 2, 
2‘, or 3 decks. 


Free Literature 


20—GAS ANALYSIS: Newly pub- 
lished 48-page catalog lists and de- 
scribes equipment and accessories for 
gas analysts. Methods are briefly out- 
lined, and all major items are de- 
scribed in detail. Burrell Corp. 


21—DUCTILE IRON: Folder de- 
scribes characteristics, physical prop- 
erties, and comparison with other 
metals. Howard Foundry Co. 


22—METAL FINISHING: Catalog 
for use by metal processors and 
finishers to aid in selecting correct 
chemicals for various operations has 
been issued by Klem Chemicals, Inc. 
Standard projects are listed and a 
comprehensive application chart for 
surface preparation of ferrous and 
nonferrous metals is included. 


23—-TABLETTING PRESSES: A re- 
vised edition of a catalog describing 
the complete line of single punch and 
rotary tabletting presses is available 
from F. J. Stokes Machine Co. De- 
tails of mechanical design and a sec- 
tion devoted to the punches and dies 
supplied for use with these presses 
are included. 


24—GRINDING: Bulletin describes 
the equipment available for fine 
grinding of specimens with emery 
papers or wet style silicon carbide 
papers or cloths. Includes both hand 
and motor powered grinders. Buehler 
Ltd. 


25—DISTRIBUTORS: A pocket sized 
directory gives the name, street ad- 
dress, and telephone number of 32 
stainless steel valve and fitting dis- 


tributors of the Cooper Alloy Foun- 
dry Co. The various warehouse loca- 
tions are also given. 


26—NUT AND BOLT DATA: Data 
sheet gives complete standard nut 
and bolt dimensions and thread data. 
Murphy Diesel Co. 


27—PANELGRAPHS: Growing im- 
portance of panelgraphs in a broad 
range of industrial control applica- 
tions is cited in bulletin published by 
Panellit, Inc. Several typical appli- 
cations in various industries are 
shown and also graphic panel com- 
ponents. 


28—VANCORUM REVIEW: The his- 
tory and metallurgy of The Damas- 
cus Sword is described in recent is- 
sue published by Vanadium Corp. of 
America. Items on developments in 
the metals industry and abstracts 
from technical papers on metals are 
also included. 


29—CHROME PLATING: New 
chrome plating concentrated solution 


recently developed by Ward Leonard 


Electric Co. is described in pamphlet. 
This solution has deposit hardness 
characteristics comparable to any 
conventional chrome plate above the 
file hard range. The solution can be 
applied to most metals in deposit 
thicknesses 0.015 in. or more. 


30—UNIT REGULATOR: The unit 
regulator is a self contained hy- 
draulic controller engineered for 
automatic pressure, flow, and pro- 
portioning control. Bulletin avail- 
able from Askania Regulator Co. de- 
scribes the operating principles and 
different models of the unit. 


31I—METALLURGICAL POLISH- 
ING: A 20-page booklet describes 
and includes samples of emery, alu- 
minum oxide and silicon carbide pa- 
pers and also 12 polishing cloths. 
Trade names, particle sizes, etc., are 


Journal of Metals 
29 West 39th St. 
New York 18, N. Y. 


Free Literature 
Price Data 
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given for many abrasives. Buehler 


Ltd. 


32—CABLE LUBRICANT: A free 
flowing, fast setting, highly adhesive 
lubricant for open gears and cables 
is described in bulletin published by 
E. F. Houghton & Co. This is a black 
lubricant having an extremely vis- 
cous petroleum base fortified with 
special additives to provide excep- 
tionally high adhesiveness and ex- 
treme pressure characteristics. 


33—METAL CUTTING: Suggestions 
on how to cut metals properly with 
hand and power hack saws and with 
band saws is contained in booklet 
offered by Clemson Bros., Inc. 


34—ROTOBLAST: Bulletin on blast- 
master rotoblast has been revised to 
include specification information on 
the newly announced size of the blast 
master airless cleaning barrel. Pang- 
born Corp. 


35—FILTERS: The full line of filters 
for liquid applications is described 
in bulletin published by Cuno Engi- 
neering Corp. Products described in- 
clude standard models for flows be- 
tween 1.8 and 900 gpm. Maximum 
operating pressures of standard units 
range from 125 to 1000 psi. 


36—CLAD STEEL: Conversion ta- 
bles and theoretical weights for 
clad steel plates are conveniently 
assembled on a new information card 
available from Lukens Steel Co. 


37—KENTANIUM: New heat resis- 
ant titanium alloy that resists ther- 
mal shock, withstands oxidation, re- 
tains great strength at high tempera- 
tures (1800°F and above) is de- 
scribed in bulletin. Kennametal, Inc. 


38—-POTENTIOMETER: Bulletin 
1210 covers the Brown portable po- 
tentiometers with direct reading 
temperature, millivolt, and extended 
range scales. Wiring diagrams, in- 
structions, and specifications are in- 
cluded. Minneapolis-Honeywell Reg- 
ulator Co. 


39—PICKLING INHIBITOR: Folder 
is available on Acitrol 3129, new de- 
velopment in the line of pickling in- 
hibitors produced by E. F. Houghton 
& Co. It is described as having excel- 
lent resistance to breakdown at boil- 
ing point. 


40—STEEL BALLS: Information on 
Fischer steel balls and their applica- 
tions has been announced by Frazar 
& Co., Inc. Complete line of applica- 
tions for Fischer chrome steel balls, 
stainless steel balls and sundry balls 
is given. 


41—JALTAN: High tensile low alloy 
steel is described in booklet issued by 
Jones & Laughlin Steel Corp. The 
properties, uses, and adaptations for 
various applications are explained. 
In addition to high yield strength, 
Jaltan’s resistance to corrosion and 
abrasion is superior to that of regular 
low carbon steels. 
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* For the story of FERROCARBO in quality steelmaking, 
mail the coupon today—or phone or write the 


FERROCARBO distributor nearest you. You'll learn why steel 
deoxidized with FERROCARBO is “‘plus steel.” 


KERCHNER, MARSHALL & CO. | THE CARBORUNDUM Company, Dept. JM 84-31 
PITTSBURGH Cleveland + Buffalo Salle, ‘Week 
Philadelphia « Birmingham « Los Angeles Gentlemen: 
I would like to have the FERROCARBO story—no obligation on my part. 
MILLER & COMPANY 
CHICAGO « St. Louis + Cincinnati 


NAME AND TITLE 


WILLIAMS & WILSON | COMPANY 
TORONTO «+ Montreal « Windsor 


L STREET AND NUMBER ciTy ZONE STATE 


FERROCARBO 


TRADE MARK 


‘Carborundum” and “Ferrocarbo” are trademarks which 
ore registered in the U. S. by The Carborundum Company, 
Niagara Falls, New York, and in Canada by Canadian 


Coarborundum Company, Ltd., Niagara Falls, Ontario. 
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THE COLORADO 
FUEL & IRON 
CORPORATION 
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| 
__ This seamless mill, designed and built by AetnaStandard, 
final installc*:=a, illustrate some of the components. 
Aetna-S:___*__ salutes The Colorado Fuel & Iron Corporation 
their foresight in placing the first seamless tube west 


-Non-Ferrous, Leather and Rubber Industries . 
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THE AETNA-STANDARD ENGINEERING COMPANY - PITTSBURGH, P 


All flow-control functions 
In a single instrument... 


THE 


Here's a flow meter that can perform six jobs at once. 
It indicates, records, controls, integrates, retransmits 
for remote measurement, and resets its control index 
from a remote controller to which it is interlocked. It 
saves panel space, because it packs all these functions 
into one compact case. This versatility makes it ideal 
for use in integrated fuel-air ratio and temperature 
control systems or as an individual fuel flow controller. 


Like all ElectroniK instruments, it measures elec- 
trically, by means of motor-driven servo system that 
has ample power to operate pneumatic transmitters 
and other devices with no loss of instrument sensi- 
tivity. Because the primary sensing element doesn’t 
do any work, measurements are made at unimpaired 
speed and responsiveness. 


FLOW METER 


For fuel cost accounting, a built-in electronic in- 
tegrator adds up oil or gas flow on a six-digit counter, 
easily read on the front of the instrument. Available 
with fixed or adjustable [ndexet for setting the control 
index from a remote transmitter. 


The ElectroniK Flow Meter utilizes fast, accurate 
electrical transmission from a remote meter body . . . 
can be supplied with any Brown flow transmitter: 
linear, square root or area type. 

Your local Honeywell engineering representative will 
be glad to discuss applications in your plant. Call him 
today .. . he is as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., [ndus- 
trial Division, 4573 Wayne Ave., Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Bulletin No. 1540, “inductance Bridge Receivers.” 


Honeywell 
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Covtiols. 


a pioneer manufacturer of quality 
dead-burned dolomite 


THE J. E. BAKER COMPANY 
SALUTES 
a pioneer manufacturer of quality steel products 
THE COLORADO FUEL AND IRON CORPORATION 


for many years past 


BAKER’S MAGDOLITE 


the original dead-burned dolomite 
has lined the basic open hearths of 


the following COLORADO FUEL AND IRON 
divisions and subsidiaries 


WICKWIRE SPENCER STEEL DIVISION 
BUFFALO PLANT . CLAYMONT PLANT 


JOHN A. ROEBLING’S SONS CORPORATION 
ROEBLING PLANT | 


4a 
continued research, constant improvement makes e 
BAKER’S MAGDOLITE consistently five ways better: 
COMPOSITION + PREPARATION + STRENGTH 
ECONOMY + QUALITY 
prooucts THE J. E. BAKER COMPANY 
SINCE 1889 
YORK, PENNSYLVANIA 
MAGDOLITE Plants: York, Billmeyer, Pennsylvania — Millersville, Ohio 
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steel cushions 


on the world’s finest medium tank 
| 


HERE ARE THE Carilloy steel torsion 
bars ready for shipment. Torsion bars 
are used on the Patton 48 and others 
so that the tanks can be built closer 
to the ground, giving a lower sil- 
houette. 


ON THIS TWISTER at the Cicero plant 
of Maremont Automotive Products, 
Inc., the finished Carilloy steel tor- st 
sion bars are prestressed before ship- d 
ment to the tank manufacturer. 


‘ 
3 


jolts 


HE army’s amazing new Patton 

48 not only moves faster, shoots 
straighter, and offers better protec- 
tion to the tank crew, but it has a 
vastly improved suspension system 
that features torsion bar springs 
made of U'S'S CaRILLoy steel. As a 
result, it rides lower and more level 
with less jarring than World War II 
models. 

During rugged field tests, this 45- 
50 ton tank rolls along at more than 
30 miles an hour, knocks down tele- 
phone poles and houses, rumbles 
over deep trenches and scales 3-foot 
walls. All the while, the CARILLoY 
steel torsion bars that support the 
driving wheels flex, twist, and vi- 


brate. They smoothly absorb most 
of the jolts as the tank forges ahead. 

Torsion bars withstand this heavy 
pounding . . . and do a better job of 
cushioning these shocks than previ- 
ous spring systems. What’s more 
they take less space, so the tank can 
be built closer to the ground, giv- 
ing it a lower silhouette than other 
models. 

USS CariLLoy 8660 is a Ni-Cr- 
Mo electric furnace steel which pos- 
sesses the required hardenability 
needed in these torsion bars. It will 
produce a minimum hardness of 55 
Rockwell “‘C”’ at %" from the 
quenched end in the standard End 
Quench hardenability test. It has ex- 


ceptionally good surface and sub- 
surface qualities. 

Both the U. S. Army Ordnance 
Corps and the spring manufacturer, 
Maremont Automotive Products, 
Inc. are well satisfied with this excel- 
lent performance. 

USS Car1L.oy steels are doing 
many tough jobs like this on both 
military and civilian products. So no 
matter what type of steel problem 
you have, we have probably met and 
licked one very much like it before. 
We can help you solve yours. Just 
get in touch with our nearest Dis- 
trict Office, or write to United States 
Steel, 525 William Penn Place, Pitts- 
burgh 30, Pa. 


UNITED STATES STEEL CORPORATION, PITTSBURGH + COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 


ELECTRIC FURNACE OR OPEN HEARTH 


UNITED STATES STEEL EXPORT COMPARY, YORK 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS. 


Steels 


COMPLETE PRODUCTION FACILITIES IN CHICAGO OR PITTSBURGH 
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Save Time... 
Money .. . Material! 


This furnace used 
to Carburize, Dry 
Cyanide or Bright 
Harden these parts. 


Check these operations: 
Hardening small lock spring formerly 


took two days, now only 75 minutes. Rejects were 
30%, now less than 1%. 

# §~=—- $12,000 saved the first year at a large electric appliance 
manufacturer; almost three times the original cost of the furnace. 

fp =sCCleaning and pickling eliminated because of “Bright” case 
hardening at a business machine manufacturer. 

&©§=s Heat treating costs cut in half at a chain manufacturer due 
to the ease of operation. 

py Stainless steel springs “Bright” hardened without distortion 
because the parts are individually heated in a protective atmos- 
phere and then are dropped directly into the oil quench. 
Learn more about this modern production tool and the way it can 
help you. Write for Bulletin HD 850. 


SEE IT AT THE METAL SHOW 
BOOTH 123 
HEVI DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Meat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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Industrial Notes. . . 


e Lukens Steel Co. armor plate 
facilities at Coatesville, Pa. are 
slated to get a $10.5 million addition. 
The new installation will operate in 
conjunction with Lukens’ three 
plate rolling mills, which turn out 
armor plate up to 206 in. wide. The 
plant will include continuous heat 
treating furnaces, two cold plate 
roller-levelers and a 5000-ton press 
to flatten plates after heat treating. 
The addition will produce armor 
plate for the Navy and is to be op- 
erated by Lukens on lease from the 
Navy’s Bureau of Ships. 


e Five additional aluminum alloys 
have been added to the latest 
ASME Boiler and Pressure Vessel 
Code. Seven aluminum sheet and 
plate alloys are now listed and for 
the first time alloy specifications 
have been included for bars, rods 
and shapes; bolting materials, pipe, 
tube and forgings. Sheet and plate 
alloys listed are 4S, 50S, 52S, 61S, 


| and a new high purity, highly cor- 


rosion resistant alloy. They are 
considered to be of considerable 
increase in strength over previous- 
ly listed 2S and 3S alloys. 


e North American Philips Co., Inc., 
through its research & control div., 
sponsored a week-long course in 
X-ray diffraction at San Francisco. 
More than 100 registered for the ses- 
sions. No registration was charged, 
with leading scientists lecturing and 


| demonstrating latest techniques. 


e Contract for rebuilding and en- 
larging Great Lakes Steel Corp.’s A 
blast furnace at its Zug Island plant 
near Detroit was awarded to Kop- 
pers Co., Inc. Work on the project 
for the National Steel Co. unit will 
start next spring. When work is 
complete the furnace will have a 
500,000 ton per year capacity, twice 
that of the present furnace. It will 
increase annual pig iron capacity 
at Zug Island to about 2 million 
tons. The rebuilt furnace will be 
quite similar to the new Great 
Lakes D furnace which began opera- 
tion last September. It will be of 
Freyn design and work is underway 
at Koppers’ Freyn div. It will be de- 
signed to operate with increased top 
pressure. 


e White Pine Copper Co., White 
Pine, Mich., will use six ball mills, 
each 12\%x13ft inside the liners, in 
the operation’s primary grinding 
plant. The huge mills will be pow- 
ered by General Electric 1500 hp, 
150 rpm synchronous ball mill mo- 
tors. The mills will operate in 
closed circuit with spiral classifiers. 
Three GE 500-hp synchronous mo- 
tors will drive the tube mills in the 
secondary grinding section. White 
Pine will use a total of $750,000 
worth of GE equipment. 


J | 
| 
Hearth. \ | 
| 
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e For the third straight year the 
William H. Brady Scholarship was 
presented to employees of the 
American Metal Co., Ltd., and its 
subsidiary, U. S. Metals Refining 
Co. Scholarships cover cost of books, 
tuition, and registration. Winners 
this year were Leo A. De Polo and 
Frank Marciniak. 


e Forging furnaces for U. S. Hoff- 
man Machinery Corp.’s shell plant 
will be supplied by George J. 
Hagan Co., Pittsburgh. Equipment 
to be furnished for the Scranton, 
Pa., plant includes two 30-ft rotary 
hearth furnaces, four 26-ft rotary 
hearth furnaces and four manipu- 
lators. 


e Metal Hydrides, Inc., Beverly, 
Mass., signed an option on 60 acres 
of land for future plant expansion. 
Plans have not been completed but 
the company expects to conduct re- 
search and development work as 
well as production of chemicals, 
rare metals, and allied products. 


e Design work for a completely 
equipped laboratory at the Orinoco 
Mining Co., Cerro Bolivar, Vene- 
zuela, has been finished by Sam 
Tour & Co., Inc., New York City 
research and testing consultants. 
The consulting firm designed the 
laboratory from personnel to 
equipment and also tabulated step- 
by-step procedures for all analyses 
to be done at the laboratory. 


e Last month the 83-year career of | 


U. S. Steel Corp.’s Isabella furnacés 
at Etna, Pa., came to an end. The 
plant produced ferromanganese for 
the past 51 years. It has been opera- 
ting on a temporary basis since 
the outbreak of Korean hostilities, 
with one of its blast furnaces re- 
conditioned for the final run. Pro- 
duction of ferromanganese has been 
moved to the Duquesne works near 
Pittsburgh, where one blast fur- 
nace is now producing ferroman- 


ganese and a new ferromanganese | 


cleaning plant is in operation. 


e Completion of engineering and 


design of a new horizontal direct 


extrusion press has been announced 
by Sutton Engineering Co., Belle- 
fonte, Pa. The new machine is a 
750-ton direct powered unit and is to 
be the first of a new line manufac- 
tured for the nonferrous industry. 


e Production at Norway’s biggest 
aluminum plant at Sunndalsora is 
expected to start next year with an 
initial annual output of 40,000 tons. 
Plant construction is reported to be 
ahead of schedule. It is being built 
with the help of a U. S. loan. Re- 
payment will be made in the form 
of aluminum at a rate of approxi- 
mately 8000 tons annually. The 
plant consists of two large units 
containing a total of 264 furnaces. 


IT TAKES TQP INSTRUMENTATION 
TO DO TOP RESEARCH 


Whatever your research job, JAco makes instruments 
that will help you do it faster, more easily and with greater 
precision. So why handicap your research results 


with make-do or unreliable equipment — get 


the JAco Instruments right for your job Pe 


and see how often difficult jobs be- 


come routine, 


Micro-Focus X-Ray Tube 
Widely adaptable rch tool 
with ultra-preci tures 


3.4 Meter Spectrograph 


with 
and dispersion 


Gamma rrecting 
Saves tig and effort in 
computing and emulsion 
chor@éferistic curves 


etogrophic Processing Unit 
f-contained unit for rapid and 
precise development of 
film or plates 


Combiags high sensitivity and 
high lime@rity with ease of use 


What's new in 
Spectrographs? 


Visit Booth 1427, 
Metals Show, 


and see! 


Spec-lab 
Spectrograph, source, microphotometer 
ond accessory equipment in 
one low-cost package 


JARRELL-ASH COMPANY 


26 FARWELL STREET, NEWTONVILLE, MASS 
CAL CHATTANOOGA QUEENS VILL, 
13680 Capite! Ave. 1344 Devonshire Drive 143) Breed Street 80-56 230% Street 
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CARBORTAM: produced by TAM’, 


is an effective ladle addition to: 


1 promote hardenability, at low cost, in low 
alloy forging steel and wrought iron. 


2 provide ductility in steel castings. 


3 recent production tests indicate successful 
use for Boron additions in all types of TAM 
Boron steels. 
Get complete facts on the advantageous use TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Offices: 111 BROADWAY, NEW YORK CITY 
General Offices, Works and Research Laboratories: NIAGARA FALLS, W. Y. 


and economy of improved Carbortam in 
your operations by writing our N.Y.C. office. 


and CARBORTAM are regi 
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» 
AND NOW... 
stered traodemorks 


CF&I open hearth being resurfaced with Permanente 165 Ramming Mix. It’s one of the many refractory materials we regularly supply to C F&I. 


INCREASE YOUR OPEN HEARTH PRODUCTION 


WITH PERMANENTE 165 RAMMING MIX! 


Tue superiority of Permanente 165 ramming mix for open hearth 
bottoms is proved by continuing reports from many of the country’s 
leading steel mills. Here are excerpts from two of these reports: 


“Furnace producing at rate of 10.7 tons per hour and is rated 
at 100 tons capacity . . . one ton per hour better than any fur- 
nace in the shop!” 


“The Permanente 165 bottom in #19 open hearth furnace 
producing low-carbon steel is now two years old, has produced 
225,000 tons in 1000 heats, and has never had a hole!” 


The odds are that this proved superiority can greatly increase produc- 
tion for you. 


TO COLORADO FUEL & IRON 
ON THE OPENING OF YOUR 
NEW SEAMLESS TUBE MILL 


AT PUEBLO...OUR BEST WISHES! 


Kaiser Chemicals 


Pioneers in Modern Basic Refractories 


Basic Refractory Brick and Ramming Materials - Dolomite + Magnesia - Magnesite + Alumina + Periclase 


CHEMICAL DIVISION, RAISER ALUMINUM @ CHEMICAL SALES, INC 
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ALUMINUM IS 


For years industry has needed a coiled tube versatile 
enough to handle many jobs from instrumentation to 
fuel lines, inexpensive enough to justify its use any- 
where. It’s here. It’s aluminum. Its name is ALCOA 
UTILITUBE®. 

ALCOA UTILITUBE is highly resistant to most 
industrial atmospheres, to hundreds of corrosive 
compounds as well. It will not form sludge or gum 
in service with gasoline or lubricating oils. 

In installation, it is easy to form, flare and bend 
:.. easier than annealed copper or 48-0 aluminum. It 
also work-hardens less ... stands up well under 
vibration (fatigue strength about the same as 
annealed copper)... offers a bursting pressure of 
4240 psi in |4-inch size. 

Yet ALCOA UTILITUBE costs substantially less 
(about 40 per cent) per foot than copper... less than 
other strong aluminum alloys. 


ALCOA IS How 


Alcoa engineers worked several years to create a 
brand-new alloy (50S) that combines just the right 
amounts of aluminum and magnesium to give UTILI- 
TUBE its unique properties. Alcoa researchers tested 
UTILITUBE’s ultimate and yield strengths... deter- 
mined bursting pressures and how it behaved at high 
temperatures to give users a firm basis of fact on which 
to specify. Alcoa production men found ways to ex- 
trude the tube smooth and flawless in lengths 1,000 
feet and more. Aluminum Company of America, 
879-K Alcoa Building, Pittsburgh 19, Pennsylvania. 


Alcoa 
Aluminum 


ALUMINUM COMPANY OF AMERICA 


al, 


MACHINE TOOLS benefit from the 


INSTRUMENT LINES of UTILITUBE 
are easy to form, flare and install. 
They cost less than lines of any 
other corrosion-resistant metal. 
UTILITUBE has high bursting 
strength and good properties and 
low temperatures. 
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WELDING GASES are safely carried 
in UTILITUBE, Its ductility 
makes cylinder exchange and 
connection easy for acetylene, 
oxygen, argon and hydrogen 
lines. 


low cost and easy workability of 
UTILITUBE for air, cutting com- 
pounds and coolants. 


S| Why YOU CAN SAVE 40 PER CENT ON COILED TUBE 
| 
| "2 | 
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~ 
Products marked * 
are available from 
your local 
Alcoa Distributor 
listed here 


FABRICATING this double-wall 
fuse cap formerly involved an 
expensive welding operation. 
Now it is impact extruded by 
a single press stroke at Alcoa's 
Edgewater (N. J.) plant. 


*ALCOA COVERED WIRE is 
widely used for secondary dis- 
tribution and service drop 
cable. It is light, easy to install 
—costs far less than copper 
conductor. 


*ALMOST ANY SHAPE can be 
produced asanAlcoaAluminum 
Extrusion—hollow, semi- 
hollow, solid. Extrusions put 
the metal where it’s most 
needed, yet use less metal than 
rolling or fabricating by weld- 
ing or riveting. 


*SCREW MACHINE STOCK— 
Aluminum Screw Machine 
Stock goes three times further 
per pound than heavy metals. 
It machines freely—won’t rust 
—is widely used for fittings 
and fasteners. 


*TREAD PLATE—Strong Alcoa 
Aluminum Tread Plate is wide- 
ly used in refineries and chemi- 
cal plants because it is non- 
sparking—in trucks and trac- 
tors because it is lightweight. 


ALCOA ALUMINUM DIE CAST- 
INGS can weigh one third as 
much as heavy metal castings, 
yet provide great strength. 
They are exceptionally easy to 
machine ... take all finishes 
+. often cost less. 


ALABAMA 
Birmingham 

Hinkle Supply Co. 
CALIFORNIA 


Los Angeles 
Ducommun Metals 
& Supply Co. 
Pacific Metals 
Co., Ltd. 

San Francisco 
Pacific Metals 
Co., Ltd. 


COLORADO 
Denver 
Metal Goods Corp. 


CONNECTICUT 
Milford 
Edgcomb Steel of 
New England, Inc. 
FLORIDA 
Hialeah 


Florida Metals, Inc. 


Jacksonville 


Florida Metals, Inc. 


Tampa 
Florida Metals, inc. 


GEORGIA 


Atlanta 
J. M. Tull Metal 
& Supply Co., Inc. 


ILLINOIS 


LOUISIANA 
New Orleans 


Metal Goods Corp. 


MARYLAND 


Baltimore 
Whitehead Metal 
Products Co., Inc. 


MASSACHUSETTS 


Boston 
Edgcomb Steel of 


New England, inc. 


Cambridge 
Whitehead Metal 
Products Co., Inc. 


MICHIGAN 
Detroit 
Central Steel & 
Wire Co. 
Stee! Sales Corp. 


MINNESOTA 


Minneapolis 
Steel Sales Co. 
of Minn. 


MISSOURI 
Kansas City 
Metal Goods Corp. 
St. Louis 
Metal Goods Corp. 


NEW JERSEY 

Harrison 
Whitehead Metal 
Products Co., Inc. 


NEW YORK 


Buffalo 
Brace-Mueller- 
Huntley, Inc. 
Whitehead Metal 
Products Co., Inc. 


Products Co., 
Rochester 
Brace-Mueller- 
Huntley, Inc. 
Syracuse 
Brace-Mueller- 
Huntley, Inc. 
Whitehead Metal 
Products Co., Inc. 


NORTH CAROLINA 


Charlotte 
Edgcomb Steel Co. 


OHIO 
Cincinnati 

Williams & Co., Inc, 
Cleveland 

Williams & Co., Inc. 
Columbus 

Williams & Co., Inc. 


Toledo 
Williams & Co., Inc. 


OKLAHOMA 


Tulsa 
Metal Goods Corp. 


OREGON 
Portland 
Pacific Metal Co. 


PENNSYLVANIA 

Philadelphia 
Edgcomb Steel Co. 
Whitehead Metal 
Products Co., Inc. 


Pittsburgh 
Williams & Co., Inc. 


TEXAS 


Dallas 
Metal Goods Corp. 


Houston 
Metal Goods Corp. 


UTAH 


Salt Lake City 
Pacific Metals Co., Lid. 


WASHINGTON 


Seattle 
Pacific Metal Co. 


WISCONSIN 
Milwaukee 

Central Stee! and Wire Co. 
Steel Sales Corp. 
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HEN tin prices started to climb to the clouds 

and beyond at the outbreak of the Korean 
War none of the tin producing nations were par- 
ticularly concerned with an agreement on price 
range. Thus, the United Nations Tin Study Confer- 
ence got nowhere. Now the trend is reversed and 
according to a spokesman for the International Tin 
Study Group at The Hague, the industry is exhibit- 
ing an ever-growing desire for some kind of an 
agreement. The U. S. has indicated that if the UN 
calls another international conference it will at- 
tend. However, the U. S. is in no way bound by 
agreements reached by such a body. However, as 
it has been pointed out, an agreed price floor can 
operate without approval of consumer nations. It is 
only necessary that export quotas and price ranges 
be agreed upon by producer countries. The U. S. 
also wants time to study any proposals before com- 
ing to a decision on them. It is expected that a con- 
ference will be convened by November or Decem- 
ber of this year. The last Tin Conference which met 
in Geneva was not adjourned but rather made sub- 
ject to recall by the chairman. George Peter is the 
chairman of the Tin Conference steering committee. 


15,500-ft reel of wire rope, loaded aboard a 

ship not long ago and transported to the site of 
Reynolds Jamaica Mines, Ltd., Jamaica, is destined 
to become part of the world’s largest monocable 
tramway. The shipment represented one of the 
longest lengths of 1% in. wire rope ever wound on 
one reel and weighed 31 tons. Made at the 
Williamsport, Pa., plant of Bethlehem Steel Co., 
the huge length of wire rope and four others of 
14,000 ft each will bring bauxite a distance of 6% 
miles from mine to shiploading terminals at Ocho 
Rios, near Tower Isle on the north coast. 

Moving on an average downgrade from a valley 
at 1100 ft altitude, the ore will be carried in car- 
riages spaced at regular intervals on the wire rope, 
to be spliced into two separate endless loops at the 
site. The tramway has two tangent sections. The 
upper is about 27,000 ft long and requires 56,000 ft 
of rope; the lower is 7500 ft long, and requires 
15,500 ft of rope. 

The rope rides on idler sheaves placed near the 
top of towers up to 125 ft high. The bauxite 
carriers are transferred automatically from one 
tramway section to the other at angle stations. 


LUMINUM Co. of America is using scale models 

of its new Air Force heavy press plant at 
Cleveland, to gain benefit of knowledge and know- 
how of men at shop level in planning plant layout. 
Study and more study is required to interpret 
drawings and blueprints, while use of scale models 
gives a three dimensional concept to ideas. Models 
make it possible for shop supervisors, foremen, and 
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Scale model is used by Alcoa to give a complete picture 
of engineer conception of the Air Force heavy forging 
press plant under construction at Cleveland, Ohio. Left 
center are the 35,000 and 50,000 ton presses. 


workmen to offer suggestions for layout improve- 
ment. Thus Alcoa feels that the $6500 cost of the 
models is more than justified. The plant will house 
35,000 and 50,000 ton capacity presses for aluminum 
and magnesium aircraft forgings. The model has 
already indicated the most efficient placement of 
equipment in the section of the shop where press 
die blocks will be machined. The model layout 
was built to a scale of % in. equals 1 ft. Grid lines 
on the plastic floor of the model are spaced %4 in. 
apart to represent 1 ft spacing in the finished 
plant. Subterranean structures such as sewers, and 
water and air lines are represented by lines on the 
floor of the model. Cross-sections of the plant 
structure are built up at several points on the 
model to indicate typical vertical clearances and to 
lend sense of proportion. 


OVERNMENT decision on further expansion 

of aluminum production facilities will have to 
await a meeting of the Joint Chiefs of Staff of the 
Defense Dept. A third round of expansion depends 
to a great extent upon revised military goals. Right 
now, no one appears to have any idea of what the 
new military heads will decide. It will be at least 
a month and probably more before Defense Mobi- 
lizer Arthur Flemming makes any kind of a de- 
cision. The future of two companies, Olin In- 
dustries, Inc., East Alton, Ill., and Wheland Co., 
Chattanooga, Tenn., are tied up in what ODM 
decides. Both firms have told the Government 
they will need special financial assistance to go 
ahead with aluminum facility construction plans 
because interest rates for the funds they need have 
proven to be too high. Olin and Wheland figure 
strongly in third round plans. Certificates of neces- 
sity were issued to Olin for construction of pro- 
duction facilities with annual capacity of 110,000 
tons. Wheland received a quick writeoff allow- 


\ 


ance of facility to produce 50,000 tons per year. 
Harvey Aluminum, the third entry, is going ahead 
with plant construction at Dalles, Ore. Harvey, 
with plans for a 54,000-ton annually plant, has 
not asked for further Government help. 

Justification in the third round increase to a 
total of 214,000 lb additional capacity lies in the 
idea that a high domestic level of production will 
be required to meet stockpile requirements of 
aluminum. Thus far, the stockpile goal has been 
kept secret. With stockpile goals tied into war 
plans worked out by former chiefs of staff, a re- 
vision upward or downward could have a great 
affect on production plans. Conceivably, it is these 
plans that the meeting of the Joint Chiefs of Staff 
will review. If reductions are in order, Wheland 
and Olin may not get the help they want. 

Right now, it is estimated that Canada and the 
U. S. produce about 75 pct of free world output 
of aluminum. The investment management dept. 
of Calvin Bullock also estimates that the 1953 pro- 
duction of 2 million tons of aluminum will probably 
be about five times the amount turned out by Iron 
Curtain countries. Military requirements amount 
to only 25 to 30 pct of total production in the 
North American countries. The other 70 pct is 
taken by almost the entire range of industry. Prin- 
cipal users of aluminum by importance are: Build- 
ing and construction; transportation; the electri- 
cal industry; household applications; food and 


farming; and canning and packaging. 


ESTORATION of the Saugus, Mass., iron works, 

which many consider to be the cradle of the 
American iron and steel industry, is making prog- 
ress. Miss M. Louise Hawkes, a smallish, white- 
haired lady, is the one most responsible for this 
preservation of a piece of colonial history. The iron 
master’s house was restored in 1915, and a group of 
Ford Trade School graduates bought it in 1942. 
They intended to move it to Dearborn, Mich., site 
of Ford’s Greenfield Village. Miss Hawkes, whose 
Saugus ancestry dates to 1630, fought the idea and 
with the intervention of Mr. Ford, the house re- 
mained at Saugus. 

It now houses the headquarters of the First Iron 
Works Assn., guiding force behind the restora- 
tion. Bulldozers, cranes, shovels, and other modern 
machinery are helping to rebuild the works as it 
was when established in 1646. Restoration will be 
completed in about one year, culminating a ten- 
year dream. The American Iron and Steel Institute 
is providing financial help. Professor E. N. Hartley 
of MIT is doing the historical research necessary for 
authentic restoration, while Roland Wells Robbin 
has been the archaeologist. Mr. Wells also discev- 
ered the site of Thoreau’s cabin on Walden Pond. 

The hammer head of the original forge and the 
waterwheel that powered the blast furnace bellows 
have been found with the aid of a mine detector. 
John Winthrop, Jr., son of the first governor of the 


Massachusetts Bay Colony, was responsible for the 
establishment of the original iron works. He and 
Richard Leader, an English merchant, formed the 
Company of Undertakers for the Iron Workes in 
New England. Originally, the Saugus River settle- 
ment was called Hammersmith. The furnace is said 
to have produced for about 25 years, turning out 
cast and wrought iron from ore found in nearby 
bogs. Charcoal, ore, and fluxing agents were fed 
into the top of the furnace. Some rock ore was also 
used. Farmers cut enormous quantities of wood 
from local forests for charcoal. In 1646 Leader pur- 
chased some defective cannon and thus became the 
first American iron master to use old metal as scrap. 

The iron works was of inestimable economic 
benefit to the colonies. It made many items that 
were previously done without, or substituted for in 
a rather crude manner. It turned out gears, pots, 
spikes, cannon balls, weights, and other necessities 
which took months to come from England. 


WELVE of forty seven recent unclassified con- 

tracts for physical research with universities 
and private research institutions were for metallur- 
gical investigation, according to the U. S. Atomic 
Energy Commission. The contracts are generally 
for one year and are part of the AEC policy of 
utilizing private research laboratories in conduct- 
ing atomic energy research. 

Scientists well acquainted with the field of pro- 
posed research review proposed contracts for rele- 
vancy to the atomic energy program. Their opin- 
ions are considered by the AEC div. of research 
before a decision is made to extend AEC support. 
AEC Operations Offices negotiate and administer 
contracts. It is usual for the participating insti- 
tutions to share cost of research with the AEC. 
The school or research group contributes funds it 
normally uses for work in the proposed field, and 
the AEC provides additional money for equipment 
and salaries of research associates and assistants. 

Metallurgical projects are: Graphitization of 
carbon, Alfred University; the system zirconium- 
nitrogen, Armour Research Foundation; scaling of 
zirconium in air at elevated temperatures, Case 
Institute of Technology; diffusionless phase changes 
in metals and alloys, Columbia University; thermo- 
dynamic properties of sodium vapor, Columbia 
University; chemical properties of fused electrolytes 
for zirconium preparation, Columbia University; 
structure of fluorocarbons, elementary boron, and 
boron compounds, Cornell University; process de- 
velopment for production of thorium metal, Hori- 
zons, Inc.; structures and properties of intermetallic 
compounds, State University of Iowa; synthesis 
and properties of ion-exchange resins, University 
of Louisville; electrochemical and polarographic 
studies on the corrosion of zirconium in presence of 
various aqueous media, University of Oregon; and 
studies on the geochemistry of uranium and the 
recovery of uranium from low grade ores, Uni- 
versity of Wisconsin. 
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NE of the ways that a company can grow, per- 
haps the most interesting one, is by diversifica- 
tion. Many companies have successfully followed 
this method, and have branched out into new lines 
and achieved greater stability. It is because of 
diversification that the activities of many companies 
cannot be determined from their corporate name 
alone—one must know the company to connect its 
many products. Such is the case of the Colorado 
Fuel & Iron Corp. 

Progressive management is usually needed to take 
the vital step—that of expanding by acquiring com- 
panies actively engaged in the fields of interest. If 
management's judgment is good, and the first ad- 
dition is successful, the corporation will grow. With 
the whole being equal to the sum of the parts, it 
stands to reason that the grown corporation will 
have benefited from, and given benefit to, the or- 
ganizations of which it is composed. 

There was a time when diversification was re- 
sorted to when the primary business lagged. It was 
used as an emergency measure to bolster up or tide 
over the company in times of distress. Today, divers- 
ification is being used as a preventative measure, to 
spread out operations to insure income from many 
sources, and keep the corporation on an even keel. 
Then too, a corporation that can maintain sufficient 
business flexibility and stability so it can main- 
tain its labor in steady employment, will reap ad- 
ditional benefits. 

Management must not only inaugurate these 
measures, but maintain them. In the case of CF&I, 
this is being ably carried out. Cooperation between 
management and operating personnel is excellent, 
and the outlook is ever forward. The company now 
ranks as ninth largest in steel producing capacity. 

Sales for the company increased from the humble 
beginning of $618,000 in 1880, to an all time high of 
roughly $248 million for the fiscal year ending June 
30, 1953. Contributing to this total was the 1953 
earnings of John A. Roebling’s Sons Corp. 

In this issue of JOURNAL OF METALS, you will be 
taken inside CF&I, and will be able to get an insight 
into the practices of the corporation. Many of the 
plants that make up CF&I have indivdual histories 
that would require issues in themselves to relate. 
Because of the wide coverage of this issue, many 
items of interest were omitted of necessity. However, 
some compromise is always necessary, and we are 
proud to present this CF&I special issue, a first for 
JOURNAL OF METALS. 

It is a happy coincidence, although we must admit 
that a long guess in timing worked out, that this 
issue coincides with the opening of the $30 million 
seamless tube mill at Pueblo. This will add the 
first western made seamless pipe, designed primarily 
for the oil country goods market, to CF&Il’s extensive 
steel product line. Annual production of 175,000 tons 
of casing and tubing is anticipated when the mill 


is in full operation. 
—A.S. Cohan 
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ee USINESS people are accustomed to reading 

and writing reports. The essential difference 
between writing a report and writing an essay or 
an article is this: In the report one is charged 
with conveying information to someone who is, in 
most cases, already interested, while in an article 
one has first of all to catch attention, then hold it, 
and then satisfy it.’.—From the Royal Bank of 
Canada Monthly Letter, August 1953. 

For “business people” read engineers and for 
“articles” read technical papers and you have one of 
the briefest statements possible about the gap that 
must be bridged by technical men when they pre- 
pare papers for presentation and for publication. 
Subject matter with either news type interest; a 
new plant or process; or facts with a strong bread- 
and-butter value carry many papers. But it is in 
dealing with theory or basic principles that far too 
many engineer-authors do not bridge the gap, for 
they fail to do the first thing first when they write 
an article. They fail to catch attention. Still fewer 
try to hold it, although painstaking reading will 
almost always reveal more than enough raw mate- 
rial to satisfy. 

Some may argue that technical papers need not 
meet the readability standards required of articles. 
Certainly the material does not lend itself to the 
light, the sensational, or even the easy reading 
style. The author of technical or scientific material 
has not an easy job, there is no sex, no emotional- 
ism to fall back on. But a paper that draws the 
reader to its conclusions is certainly a better effort 
than that which merely tabulates undigested data. 

—R. A. B. 


HOSE who attended the May dinner of the 

Iron & Steel Div. of AIME were entertained and 
educated by the speaker of the evening. Professor 
Hubert N. Alyea of the Frick Chemical Laboratory, 
Princeton University, has given his talk on Atomic 
Energy: Weapon for Peace many hundreds of times. 
He has spoken before technical and civic groups, 
company groups, groups of all types. Fortunately 
for those who will attend, Dr. Alyea will speak at 
the IMD Annual Fall Dinner in Cleveland. 

In his talk, he discusses the technical and social 
aspects of nuclear energy, and contrasts ordinary 
high explosives with the A and H bombs. His illus- 
trations or experiments together with his method of 
presentation guarantee a satisfied audience. 

After we had heard him for the first time, we 
couldn’t help but think that if we had had an op- 
portunity to take a course such as physical chemistry 
from him, we might even have enjoyed that! 


RINTERS INK recently carried the following 
chuckle: “A friend of ours burned a hole in his 
new summer suit made of a combination of the new 
synthetic fibers. Didn’t know whether to take it to 
a tailor or a chemist.” 
—A.S. Cohan 
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Open hearth back wall is repaired with BRI Gun and 
Roebling furnace stays on line 3 extra weeks 


ERE is another instance in which a BRI Gun 
paid for itself on a single emergency job. 
Shortly after John A. Roebling’s Sons Corpora- 
tion placed their BRI Gun in service, a section of 
the back wall near the skew in one of their open 
hearth furnaces began to erode. This section 
was repaired with Gundol and Gunchrome 
M and the furnace kept on the line for three 
weeks. until the furnace went down for a 
scheduled rebuild. 
Now, fourteen months later, practically 


all Roebling furnace personnel are expe- 


rienced in the operation of the BRI Gun and use the 
equipment regularly. Consequently. furnace life has 
been increased and the problem of skewback main- 
tenance virtually eliminated. 

Roebling’s experience confirms that of the several 
hundred BRI Gun owners who bave found 
the equipment easy to operate, cheap to 
maintain and highly effective for making 
emergency as well as routine repairs. 

If you are not yet sold on the gun and on Gun. 
chrome, Gundol and Gunmix, why not ask your 


Basic representative for the whole story? 


Baste Refractortes Incorpo rated 845 HANNA BUILDING, CLEVELAND 15, OHIO 


Exclusive Agents in Canada: REFRACTORIES ENGINEERING AND SUPPLIES, LTD., Hamilton and Montreal 
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Prevent 


—> Machinery Damage 
Product Contamination 
—> Production Tie-Ups 


..- Automatically, with Eriez Magnetic Traps 


Look at this pile of tramp iron... 


Trapped ahead of a pump in a large food plant 
during a 30-day processing period... it exempli- 
fies how “protection plus” is obtained automati- 
cally with pipeline traps produced by ERIEz 
MANUFACTURING COMPANY, Erie, Pa. 


To keep liquid flow lines free of ferrous mate- 
rials ranging in size from minute particles to large 
pieces of tramp iron, ERIEz pipeline traps utilize 
the strong magnetic properties of Alnico perma- 
nent magnets containing a high percentage of 
nickel. 

Use of this aluminum-nickel-cobalt-iron alloy 


not only permits trap designs that eliminate need 
for electromagnets requiring current and acces- 


THE INTERNATIONAL NICKEL INC. 


1306—JOURNAL OF METALS, OCTOBER 1953 


ERIEZ MAGNETIC PIPELINE TRAPS, 
widely used in the process industries, 
provide the superior magnetic strength 
of a high nickel alloy ... ALNICO... 
to assure positive trapping of tramp iron. 
Housings are non-magnetic chromium- 
nickel stainless steel castings... leak- 
proof, easy to install and simple to clean. 
Completely non-electric ... first cost is 
last cost . . . since magnets hold strength 
during life of equipment. 


1,045 PIECES OF TRAMP IRON 
REMOVED ahead of vane-type displace- 
ment pump in food production line 
during a 30-day period, by an ERIEZ 
Permanent (non-electric) Magnetic 
Pipeline Trap. 


sory equipment, but its use also allows reduction 
of space and weight requirements to desirable 
limits. 

The addition of nickel ... an essential in Alnico 
..-improves scores of other alloys utilized through- 
out industry. Consult us on use of nickel or nickel 
alloys in your products or equipment. 


Send details of your metal problems for our 
suggestions. 


At the present time, nickel is available for end 
uses in defense and defense supporting industries. 
The remainder of the supply is available for 
some civilian applications and governmental 
stockpiling. 


67 WALL STREET 
NEW YORK 5, N.Y. 
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ound is having trouble adapti specially designed equipment 
to the chemical refining process employed at its Garfield, 
Utah cobalt refinery. Battelle Memorial Institute has been 
called in to study the problem of inherent corrosio 
abrasion and will report soon. Cobalt has been produced to 
government specifications, but commercial production has not 
been attained. Howe Sound reiterates its faith in the chemical 
refining process, but gives no specific starting date for full 
scale output. 


Commercially available refractories are reported to be used in 4 
new method for producing cast shapes of titanium metal. Ref- 
fractories are said to be used in such a way as to minimize 
impurities picked up by the metal. Not a cold mold process, 
the method announced by National Research Corp., Cambridge, 
Mass., is reported to permit the melt being made in an electric 
furnace and the metal poured by tilting the furnace. 


A record was established for the shipment of steel products during 
the first half of 1953. The 42,350,061 net tons was almost 
10 million tons higher than the 32,966,625 tons shipped during 
the similar period last year. Record high shipments were es- 
tablished for cold rolled sheets, hot rolled bars, and electro- 
lytic tin plate, in addition to substantial increases for 
other products over that of recent years. 


First new battery of coke ovens to be put into operation at the 
Saucon div. of Bethlehem Steel Co., went into operation 
recently. The SO byproduct ovens will add 1300 tons daily 
to the output of existing batteries to bring total annual 
production to 2.3 million tons. 


Allegheny Ludlum Steel Corp. announced the expansion of production 
of zirconium strip for atomic energy applications. The firm's 
work in this field has been carried out as a project in co- 
operation with the AEC's Bettis plant, Pittsburgh, operated 
by Westinghouse Electric Corp. 


A plan for distribution of nickel during the fourth quarter of 
1953 will not be issued by the Manganese-Nickel-Cobalt 
Committee of the International Materials Conference. IMC 
stated that "so far as can be seen at present further 
allocations will be unnecessary. The agency feels that 

supply and demand for nickel may shortly come into balance. 


German firms of Krupp and Demag will participate in the 
construction of a steel mill for the Indian Government. Steel 
production at the new mill is scheduled to start in four years 
with annual capacity of 500,000 tons, according to reports. 

In addition to construction, the German firms will take part 
in financing the project. Remainder of financial arrangements 
will be covered by the Indian Government and the International 
Bank of Reconstruction and Development. 


Brazil's Volta Redonda steel mill is scheduled to fire up a new 


blast furnace this month, boosting production from 500,000 to 
more than 700,000 steel ingot tons annually. 
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CF&/ 


Expansion Through Diversification . . . 


CHARLES A. ALLEN, JR. 
Chairman of the Board 


HE Colorado Fuel & Iron Corp., now the ninth largest firm in steel- 

producing capacity in the United States, is today hardly recognizable 
as the same company that was, a little over 20 years ago, a small western 
fuel and steel company with one major plant at Pueblo, Colo. 

Now a nation-wide network of 14 modern industrial plants, making 
steel and steel products for almost every facet of American industry — 
mining, manufacturing, farming, construction, lumbering, electrical, 
bridge-building, oil and gas drilling, mass transportation, to name a 
few — Colorado Fuel & Iron has grown, in slightly over two decades, 
into a major U.S. producer of quality steel and steel products. 

Since 1945, when Allen and Company acquired the CF&I properties, 
the growth and change in complexion of this company has been even 
more phenomenal. On these two pages are shown the men who are be- 
hind this development of a great modern corporation—men who, under 
the leadership of Charles Allen, Jr., Chairman of the Board, and A. F. 
Franz, President, have laid down the far-sighted policies and overall 
planning that has brought Colorado Fuel & Iron to the front ranks 
of steel. 


CARL W. MEYERS 
Vice Chairman of the Board 


ALWIN F. FRANZ 
President 
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A.C. BEKAERT 
Vice President, Finance 


FRANKLIN BERWIN 
Vice President 


F.S. JONES 
Vice President, Sales 


J. J. MARTIN 
Vice President, Operations 


... And 


Dynamic 


Leadership 


H.C. ALLINGTON 
Vice President, Sales, Eastern Div. 


H. C. CROUT 
Treasurer 


E. D. PAGE 
Controller 


D. C. McGREW 
Secretary 
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COM 460 RON COMPANY 


This is one of the earliest views of the Pueblo plant, an artist's sketch that appeared in an illustrated supplement of the Pueblo 
Chieftain in 1888. Behind the blast furnace are the Spanish Peaks, seen by Coronado’s explorers long before the landing of the 


Pilgrim Fathers. 


CF&/ 


History and Expansion 


by A. M. Riddle 


finding new uses for present products; 
developing new products for the various 
industries the corporation serves, and by 
acquisition of companies that have added 


ROWING out of the nation’s most colorful era of 

railroad building, and with the vision of early 
pioneers who foresaw a great future for the West- 
ern Empire, the Colorado Fuel & Iron Corp. set as 
its objectives— 


“The establishment and building of colonies, 

towns, schools; industries such as coal 
mining, iron making and manufacturing 
works; canals and roads.” 


This was the beginning of CF&I— in the year 
1872, and from this small western beginning has 
grown a company that has achieved national impor- 
tance, ranking ninth in size in steel producing 
capacity, with over 22,000 employees and operating 
14 plants in strategic locations throughout the 
United States. 

The growth of the Colorado Fuel & Iron Corp., 
with a doubling of its ingot capacity in little more 
than a decade to become one of the important steel 
producers of the country, has been accomplished by 
a plan of operation described in the annual report 
for the fiscal year ended June 30, 1952, as follows: 


“The keynote of CF&I’s program of expan- 
sion and modernization has been diversifi- 
cation. This has been accomplished by 
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new products, new customers, and new 
markets. 

“Diversification of products has been made 
possible by the diversification of manu- 
facturing processes, including not only 
the addition of new machinery and equip- 
ment, but also changes and improvements 
in present equipment, plant layout, metal- 
lurgy, and other operating practices. 
“Diversification has proved its worth, and 
will be continued, because it has helped to 
balance production, maintain high level 
output, control cost, improve customer 
service, and strengthen the corporation’s 
competitive position in the industry.” 


The companies that are now under the banner of 
the Colorado Fuel & Iron Corp. have had long and 
interesting histories of growth and development, 
and CF&I’s products are now shipped to every state 
in this country and to many foreign countries. 
They have had an important role in helping build 
the industrial strength of America. The new CF&I 
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now has a solid foundation for even greater indus- 
trial achievement. 

Prior to 1937, CF&I was a single plant operation 
with a steel plant located at Pueblo, Colo. Consoli- 
dations with other companies which have had an 
important bearing on its growth, started in 1937 
with the acquisition of the California Wire Cloth 
Corp., with two plants in California. In October 
1945, the Wickwire Spencer Steel Co. was acquired 
with plants in Palmer, Clinton, and Worcester, 
Mass., in Buffalo, N. Y., and including a subsidiary 
company, American Wire Fabrics, with a plant in 
Mt. Wolf, Pa. In March 1951, a steel plant at Clay- 
mont, Del., was acquired from the Worth Steel Co. 
In January 1952, the E. & G Brooke Iron Co., at 
Birdsboro, Pa., together with its mining subsidiary, 
Richard Ore Co., Wharton, N. J., was added to the 
group, and on Dec. 31, 1952, the plants of John A. 
Roebling’s & Sons Co. at Roebling and Trenton, 
N. J., were acquired. 

In looking back to CF&I’s early history, records 
show that the Colorado Coal & Iron Co. was first 
formed for the purpose of manufacturing iron, steel, 
and coke, and for the mining and selling of coal. 
This company was a consolidation of three com- 
panies previously formed, but which were limited 
in scope and in capitalization. 

The first act of the Colorado Coal & Iron Co. was 
the erection of a blast furnace at Pueblo. This fur- 
nace—the Betsy—went into blast on Sept. 13, 1881. 
It was not a large producer, but it foreshadowed an 
era of industry development that has progressed 
steadily as the West has grown in the production of 
raw materials and the increasing utilization of these 
materials into finished products. 

In 1892 the Colorado Fuel & Iron Co. came into 
corporate being by the merger of the company pre- 
viously existing and the Colorado Fuel Co. The 
former name was changed in 1936 to the Colorado 
Fuel & Iron Corp. 

The first rails were rolled at Pueblo on Apr. 12, 
1882. The Pueblo plant is still the only producer of 
steel rails and fastenings west of the Mississippi. 
In 1930, rails and fastenings made up 70 pct of total 
tonnage shipped. Since then CF&I’s portion of the 
industry’s total shipments of rails and fastenings 
has increased, but today these products account for 
less than 20 pct of the corporation’s total sales. 

Coke for the steel plant first came from beehive 
oven plants located near the coal mining properties. 
Coke was first made in the new byproduct coke 
oven plant at Pueblo in July 1918, which also pro- 
duced many chemical byproducts. Later the bee- 
hive ovens were abandoned. 


¥ 


In 1902, many of the mills of the Pueblo plant were new, the turn of the century having been one of the greatest periods of expan- 


A. M. RIDDLE, man- 
ager, market re- 
search and statistical 
dept., at Denver, 
joined CFGI 30 years 
ago and has held his 
present position since 
1942. He is a mem- 
ber of the AISI and 
its Committee on 
Commercial Re- 
search, American 
Marketing Assn., 
and Colorado Manu- 
facturers’ Assn. 


For over 70 years the Colorado Fuel & Iron Corp. 
has been engaged in the making of pig iron, and 
hence its practice has been developed through all 
of the successive stages of advancement that have 
taken place in the country. 

The first metal, other than pig iron, to be made 
at Pueblo was puddled iron from which cut nails 
were made. In later years the manufacture of this 
metal was discontinued, when a Bessemer con- 
verter was placed in service, and steel replaced iron. 
However, there were many new developments in 
the early years and the Bessemer process, especially 
for the manufacture of rails, was later superseded 
by the open hearth process. There are 16 furnaces 
in operation and in recent years they have been 
modernized and enlarged, and new _ production 
records established. 

The manufacture of wire and wire products at 
Pueblo has been carried on since 1901, and the 
yearly output of these products has been steadily 
increased. Many new products have been added in 
recent years, including coiled baling wire, strand, 
and specialty wires. 

In 1937 the California Wire Cloth Corp. was ac- 
quired by CF&I. Calwico, the trade name for Cali- 
fornia Wire Cloth, operates a plant in Oakland 
and one in South San Francisco, Calif., and from 
rods shipped from Pueblo’s modern rod mill, pro- 
duces a wide variety of wire and wire products for 
the markets of the Pacific Coast and other western 
states. The history of Calwico dates back to 1859 
and brought to CF&I a long history of wire drawing, 
wire weaving, and wire fabricating skills. Today 
Calwico, in addition to the products of its own 
plants, also distributes many other products manu- 
factured at the Pueblo plant and at the various 


sion for the plant. By December 1501, three blast furnaces were in operation, two new furnaces were being built, the Bessemer 
converter was to be enlarged, the rail mili was enlarged to 1200 tons a day capacity, and the open hearth and five new rolling 


mills were under construction. 
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A New Ir 


This sketch of the Colorado 
Coal & Iron Co. at South 
Pueblo, Colo., is reprinted from 
the Nov. 18, 1881 issue of the 
New York Daily Graphic. Cen- 
ter, blast furnace No. 1; left, 
casting pig iron; top, right, 
workmen's houses and company 
hotel; center, right, part of 
Lake Minnequa; lower, right, 
company’s hospital; center, 
lower, workmen's tents. 


plants in CF&I’s eastern div. Effective July 1, 1953 
the business, operations and properties of the 
California Wire Cloth Corp. were transferred to the 
Colorado Fuel & Iron Corp., and are now operated as 
the Pacific Coast div. of the corporation. 

The Wickwire Spencer Steel Co. traces its be- 
ginning to 1821, when a small workshop was set 
up to experiment in the drawing of fine wire. In 
1920 the Wickwire Spencer Steel Co. was formed, 
which combined the Spencer Wire Co. and the 
Clinton Wright Wire Co. 

The Agreement of Merger between the Colorado 
Fuel & Iron Corp. and Wickwire Spencer Steel 
Co., dated Aug. 2, 1945, combined the research, 
production, and distributing facilities of two im- 
portant companies and established the pattern of 
CF&I’s nationwide distribution. CF&I and its sub- 
sidiary, the California Wire Cloth Corp., joining 
with Wickwire Spencer and its subsidiary, Ameri- 
can Wire Fabrics Corp., brought a new nation-wide 
service in steel, wire products and allied specialties. 

In March 1951, CF&I acquired the Claymont, Del., 
steel plant from the Worth Steel Co. and this plant 
is now a part of the Wickwire Spencer div. The his- 
tory of this company goes back over 100 years and 
its production of wide plates, plate specialties, and 
large diameter transmission pipe, gave the corpora- 
tion its first line of wide flat rolled products. 

In January 1952, the E. & G. Brooke Iron Co. at 
Birdsboro, Pa., and its subsidiary, Richard Ore Co., 
which operates an iron ore mine at Wharton, N. J., 
became a part of CF&I. It is now a part of the Wick- 
wire Spencer div. Brooke was established in 1788 
and its blast furnace plant provides not only an 
assured supply of pig iron for the expansion and 
modernization program in progress at the Clay- 
mont plant, but also additional tonnage for other 
pig iron consumers. 

The latest addition to CF&I’s group of plants on 
Dec. 31, 1952, was the John A. Roebling’s Sons Co. 
Roebling operates plants in Trenton and Roebling, 
N. J. It was founded in 1876 and has established an 
enviable record for quality products. The Roebling 
Co. has been one of the pioneers in the field of 
wire specialties, wire rope and strand, electric wire 
and cable, strip, and bridge construction materials 
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and services. One of its first notable achievements 
in engineering design and construction was the 
famous Brooklyn Bridge, completed in 1883. 

As a result of the new concept of management 
and the full cooperation of its employees, CF&I is 
an entirely different corporation today than it was 
in 1945. This has been made possible by the solid 
belief in the enterprise and the aggressive policies 
of the board of directors, headed by Charles Allen, 
chairman, and also by the continuing confidence of 
financial institutions and other investors, large and 
small, located throughout the country. 

CF&I has been fortunate in having good basic 
plants on which to build, and its progress has also 
been due in great measure to the enthusiastic and 
capable manner in which operating, sales, and ad- 
ministrative personnel with long experience in the 
steel business, have followed the leadership of Al 
Franz, president of the corporation, in building its 
present high and favorable position in the steel in- 
dustry. 

It was recognized that improvement and modern- 
ization was the first essential step in making the 
corporation strong, starting at the mining proper- 
ties, carrying on to the steel producing and finish- 
ing operations, and then on through the various 
channels of distribution to meet the needs of the 
ultimate consumer. All steps have been taken only 
after complete engineering and economic analysis. 

The job of building the new CF&I has been 
thorough, but the possibility of even greater growth 
and development lies ahead. In an address to the 
New York Society of Security Analysts on Jan. 8, 
1953, president Franz made this statement: 


“CF&I faces the future with confidence. We 
sincerely believe we have built well, but 
our job is not finished. Some of the im- 
provements are newly completed, or are 
still in process. The work that has been 
done is still not fully effective or measur- 
able in terms of economic realization. We 
will continue to use research and diversi- 
fication as a basic theme for progress 


and when worthwhile changes are indi- 
cated we will make them.” 
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Ore at Blowout pit, Iron Moun- 
tain, Utah, is a hard massive 
magnetite, an ideal ore for 
open hearth operations. In Feb- 
ruary 1952, when this photo 
was taken, 64,033 tons of ore 
were hauled to the plant. 


CF&/ Raw Materials 


Western Operations 


HE iron ore supply for the Pueblo plant of 

CF&I is obtained from the Sunrise mine in Wyo- 
ming and the Duncan and Blowout mines near 
Cedar City, Iron County, Utah. The Sunrise mine 
is an underground operation while those in Utah are 
open pit. 

Since 1941, the entire production of Sunrise 
mine has been from underground operations. Be- 
tween 1941 and 1945, the entire production was 
mined by the block caving system. Since that time, 
an average of 25 pct of the production has been 
mined by sublevel caving methods. 

The sublevel caving method is similar to that 
used on the iron ranges. The sublevels are on 25-ft 
vertical intervals with the mining drifts on 25-ft 
centers. Twenty-five hp, de scraper haulers are 
used for mucking the ore in the mining drifts. Other 
25 or 40 hp, de, scraper haulers are used on the sub- 
level below the mining level to cross-haul the ore 
to main transfer raises, from which it is loaded into 
cars and transported to the main ore pockets. 

Sublevel mining is used on portions of the ore- 
body which cannot be mined economically by block 
caving due to irregular outline or _ insufficient 
height. General features of the block caving system 
used at Sunrise mine are described in Block Caving 
at Sunrise Iron Mine, Wyoming, by George H. Rupp, 
Trans. AIME, 1939. 

The various third level blocks described in the 
paper have been mined out. The tonnage recovery 
averaged 108.1 pct. While the average analysis of 
the ore as mined was 3 pct lower in iron than the 
estimated analyses of ore in place, the metallic 
iron recovery was 102 pct due to the overdraw. A 
few changes have been made in the block caving 
system to meet varying conditions. 


by G. H. Rupp, R. L. 


Hair, and M. L. Sisson 


The rapid depletion of reserves during the war 
years necessitated opening up a lower level. A new 
plant had to be put in, consisting of a new shaft, 
headframe, screening and picking plant, railroad 
yards, power and hoist house, hoists, compressor, 
underground haulage drifts, sumps, and pumping 
plants. This project was started early in 1943, and 
completed and put into operation in 1945. 

The structural steel headframe screening and 
picking plant and loading bins are an integral unit. 
The headframe is 199 ft from foundation to high 
point; the cage and counterweight sheaves are 176 ft 
above the foundation. All the head sheaves are 10 ft 
diam, equipped with roller bearings. 

The skips, 8-gross ton capacity, dump into a bin 
at the top of the screening and picking plant. At the 
bottom of this bin is a 60 in. heavy duty manganese 
steel pan feeder. This feeds the ore onto a 6x14-ft 
heavy duty, double deck vibrating screen which 
separates the ore into three sizes: +12 in. —5 in.; 
+5 in. —2 in.; and 2 in. The two large sizes pass 
over 48 in. belt picking tables where gangue and 
other refuse is removed by hand picking. The 
amount of picked rock varies between 6 and 7 pct 
of the finished product, or an average of about 18 
tons of rock per picker per shift. 

A 100-ton steel loading bin with an independent 
railroad track and scale is provided for each 
screened size. The screening and picking facilities 
can also be bypassed and straight mine run loaded 
through one of the bins. Mine waste rock also by- 
passes the screening plant and is transferred by 
chutes to a 100-ton rock bin. The picked rock is 
carried by a 36-in. conveyor belt to this bin, from 
which it is trammed in a 50-ton air dump car by 
electric locomotive and wasted in the old open pit. 
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G. H. RUPP, man- 
ager, mining dept., 
Pueblo joined 
as general super- 
intendent of iron 
mines and quarries 
in 1931. Born in 
Michigan, Mr. Rupp 
hos worked for 


Brewer G Rupp, 
Ford Motor Co., and 
Calumet G Hecla 


Consolidated Copper 
Co. He belongs to 
several professional 
societies, among 
them AIME, NCA, 
and Army Ordnance 
Assn. 


R. L. HAIR, general 
superintendent, fuel 
mines is located at 
Pueblo. He has been 
with the corporation 
for 40 years. Mr. 
Hair was born at 
Latrobe, Pa. and 
worked for Keystone 
Coal Co. and H. C 
Frick Coke Co., both 
in western Pennsyl.- 
vania, before coming 
to Colorado. 


» 


M. L. SISSON, su- 
perintendent, Sunrise 
mine, Wyoming, was 
born at Wray, Colo. 
He joined CFGI 26 
years ago and be- 
fore that had been 
associated with 
River Smelting & Re- 
fining, Phelps-Dodge 
Corp., and Hayden 
Bros. Coal Corp. 
When not busy at 
work, Mr. Sisson en- 
joys his hobby of 
flower gardening. 


The railroad yards consist of empty and loaded 
storage tracks with passing track and through load- 
ing tracks under the picking plant. The grades are 
such that empties and loads are handled by gravity. 

The hoist house is a fireproof brick and steel 
structure 190x60 ft and houses the ore hoist, man 
and material hoist, three air compressors, two mo- 
tor-generator sets, and accessory equipment. 

The timber framing and storage yard is located 
adjacent to the shaft and is so arranged that the 
railroad cars of timber can be unloaded directly onto 
storage piles 

The large storage pockets at the shaft permit the 
operation of the mine on a two shift basis, and the 
heavy duty hoisting and screening plant facilities 
are operated on a single shift basis. 
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View shows headframe and picking plant at Sunrise mine, 
Sunrise, Wyo. Mine operates on a two shift basis, while 
the plant operates one shift. Headframe is 199 ft from 
foundation to high point. 


Blowout and Duncan Iron Mines 

These two current open pit operations are located 
in the Pinto iron mining district 20 miles west of 
Cedar City, Utah, Cedar City is 265 miles south of 
Salt Lake City on U.S. Highway 91. A branch line of 
the Union Pacific R.R. off its main line at Lund ser- 
vices these operations. Workers for Utah Construc- 
tion Co., the present contractor engaged in mining 
these orebodies, commute from Cedar City. 

Iron ore was first discovered in this district about 
1850 by early Mormon settlers. In March of 1853, 
some pig iron was produced locally, but the venture 
failed. In 1866, an attempt was made again closer 
to the deposits to produce iron from the Duncan ore- 
body with the result that pig iron in varying quanti- 
ties was made for 25 years. 

Around 1900, CF&I became interested in the dis- 
trict and acquired numerous claims, including the 
Blowout and Duncan orebodies, but it was not until 
1942 that exploration work was started with a view 
to opening up these deposits. 

The first ore was shipped from the Duncan ore- 
body in 1943 to the Pueblo steel plant, and four 
years later shipments were started from the Blow- 
out pit. Operations have been continuous ever since, 
with these mines supplying over half the ore re- 
quirements of the Minnequa plant. 

The Blowout body, at present the main producer, 
is a combination contact and replacement deposit. 
This ore is a hard, massive magnetite, which is an 
ideal ore for open hearth operations. The Duncan 
orebody, entirely a replacement type deposit, is 60 
to 70 pct magnetite and 30 to 40 pct hematite. The 
ore is soft, black, and granular. The higher sulphur 
content of a large amount of the remaining ore has 
curtailed mining of the Duncan pit, but the ore is 
currently being mixed with Blowout ore, the com- 
bination of which is very satisfactory for blast 
furnace operations. 

At the present time, the mining activity is cen- 
tered principally at the Blowout pit, this operation 
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employing two power shovels and eight haulage 
trucks. The trucks dump the ore directly into a 
5x14 ft pan feeder, which feeds it to a 48x60 in. jaw 
crusher. The — 6 in. crushed ore is then conveyed to 
a stockpile that has a 12,000 ton live storage cap- 
acity. There are separate stockpiles for Blowout and 
Duncan ores. Three x 8-ft pan feeders under the 
stockpiles discharge onto 36-in. wide conveyor belts 
which transport the ores to a small mixing bin. 
From the mixing bin, the ore is conveyed to a double 
deck vibrating screen located over the two loading 
bins in the tipple. Four products are shipped: 6x2 in. 
Blowout open hearth ore; 2x0 in. blast furnace ore; 
6x34 in. blast furnace ore (Blowout and Duncan 
mixed); and %4x0 in. blast furnace fines (Blowout 
and Duncan mixed). The loading tipple has a cap- 
acity of 200 tons per hr and normally operates two 
shifts per day. 

To insure future supply, another large open pit 
mine is being developed by the corporation in this 
area. This will require the construction of two miles 
of railroad, new plant facilities, and some changes 
in mining practice to conform to new conditions. 


Coal Mines 


The Colorado Fuel & Iron Corp. operates five coal 
mines. Two of these mines, Kebler and Pictou, are 
in the noncoking area in Huerfano County, Colo. 
These two mines produce coal for the domestic and 
commercial markets and for railroad engine fuel. 
They also ship a limited amount of slack coal to the 
byproduct coke ovens at the corporation’s steel plant 
in Pueblo for blending with heavy coking, high- 
volatile coals from Las Animas County, lying im- 
mediately to the south of Huerfano County, and 
with the low volatile coal shipped from Arkansas. 

The three coking coal mines, Morley, Frederick, 
and Allen, are located in Las Animas County, Colo. 
Morley and Frederick mines were opened in 1907, 
and have been in active operation ever since. They 
produce an excellent grade of coking coal. In keep- 
ing with the general expansion program of CF&I, it 
was found necessary to open a new coal mine to pro- 
vide for a capacity of 6000 tons per day, which will 
place it among the largest in the western part of the 
country and also rank it among the most modern 
mechanized mines in the United States. The need 
for a new, high production coal mine became evi- 
dent several years ago, and, as a consequence, an ex- 
tensive exploratory program was initiated at that 
time. This program entailed the sinking of a large 
number of diamond drill holes and the driving of a 
prospect entry for about 1000 ft. The results of this 
prospecting, which was substantiated not only by 
laboratory tests but by actual coking practice in 
standard byproduct ovens with coal from a prospect 
entry, provided for the decision 2% years ago to 
open the Allen mine, named for Charles Allen, 
Jr., chairman of the board of directors of CF&I. The 
Allen mine is located in the Stonewall Valley on 
State Highway 12, 30 miles west of the city of Trini- 
dad, county seat of Las Animas County. Planning 
ahead for this new operation is evident in the fact 
that the installations are substantial and permanent, 
pointing to low maintenance cost of operations over 
a projected mine life of many years. 

The construction of surface facilities will permit 
the handling of 6000 tons per day over the planned 
life of the mine. 

The industrial group building at the West Portal 


Primary industrial group building of Allen mine is located 
at the East Portal. Tipple, hoist house, and industrial and 
administrative building can be seen in this photograph. 


is 60x220 ft, and is constructed of steel frame and 
corrugated sheet steel covering. It houses the 
stoker-fired heating plant, miners’ shower and 
change rooms, mine foreman’s office, miners’ lamp 
room, storehouse and storekeeper’s office, and mech- 
anical, blacksmith and electrical shops. The mine 
supply track extends into the shops for convenience 
in setting in heavy equipment to undergo repairs. 
An unloading dock and supply railroad track are 
built along the north side of the industrial building 
for easy unloading of materials and supplies from 
railroad cars. A 12-ton Diesel locomotive on mine 
track gage of 48 in. is used on surface to handle 
mine supplies and materials between the warehouse, 
mechanical and electrical shops, storage yards, 
powder house, and the side tracks at the mine portal. 

The primary industrial group building is located 
at the East Portal and is of similar construction. It 
consists of a center bay 50x246 ft, where heavy 
underground equipment will undergo repairs, with 
extensions on each side 40x50 ft. Overall size of this 
building is 140x260 ft. An unloading dock and sup- 
ply railroad track similar to that at the West Portal 
is also built along the north side of the East Portal 
building. This building houses the stoker-fired heat- 
ing plant, miners’ shower and change rooms, lamp 
room, mine foreman’s room, storehouse, machine, 
electric, welding, blacksmith, and pipe shops. At the 
east end of the building there is a two story brick 
section which houses the mine offices, superinten- 
dent’s office, medical dispensary, engineer’s office, 
laboratory, and an assembly room. There is also a 
12-ton Diesel locomotive at the East Portal for 
transporting supplies and materials on the surface. 
At both the East and West Portals underpasses con- 
structed of concrete are provided for travel of work- 
men from the car parking lots on the north side of 
the railroad tracks into the change rooms in the in- 
dustrial buildings. 

The two portals have tipple facilities essentially 
similar in design except that the East Portal plant 
is laid out to handle a much larger production of 
coal than the West Portal plant. At the East Portal, 
the coal and rock are brought out of the mine on a 
48-in. belt conveyor, 8 ply nylon, terminal centers of 
1577 ft, operating up a 30 pct pitch from under- 
ground bins. When rock is brought out on the belt, 
it is diverted into a 100-ton bin at the head end of 
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the belt by means of a mechanically operated flop 
gate and is then hauled away by large dump truck. 

The coal from the 48-in, belt is discharged onto a 
6x14-ft vibrating screen, where +3 in. coal is 
screened out when needed to keep the employees’ 
domestic 25 ton coal bin full. The + 1% in. coal is 
diverted to a 9x22-ft rotary breaker and the — 1% 
in. bypasses the breaker and discharges onto the belt 
conveyor extending from the breaker to the loading 
chutes at the tipple. The refuse from the rotary 
breaker discharges to a 25-ton rock bin for dump 
truck disposal. The rotary breaker reduces the 
+ 1%-in. coal to 1% in., and this, together with 
the bypassed — 1%-in. coal, is conveyed to the load- 
ing chutes over three loading tracks. This belt is 
48 in., 5 ply, 319 ft long terminal centers, and oper- 
ates up a 9 pct pitch. In addition to breaking the 
coal, the rotary breaker performs another important 
function, that of doing rough cleaning of coal when 
there is a pronounced difference in the hardness of 
the coal and rock. 

The tipple design provides for loading coal on any 
of the three tracks without any interruption in the 


This 48 in. belt with a capacity of 700 tons per hr operates 
between mine portal and breaker house at the East Portal. 
Rock brought out is diverted into a 100 ton bin. 


flow of coal by means of pants type chutes and 
push-button controls, Railroad cars are dropped to 
the loading chutes by means of two air-controlled 
car droppers and an electric car puller is used in 
bad weather. All the equipment has electric inter- 
locking controls so that if one unit fails or is shut 
off, all preceding units will stop. One operator at a 
console in the tipple has control of all these units. 

At the West Portal, the run of mine coal is 
dumped from the 8-ton drop bottom cars into a 55- 
ton bin. The rock brought out of the mine in mine 
cars is dumped into a 100-ton bin and then elevated 
by pan conveyor to a truck height chute, where it 
is hauled away by a large dump truck. The mine 
run coal from the 55-ton bin is fed by reciprocating 
feeder to a 36 in., 5 ply, conveyor belt, 134 ft cen- 
ters, on + 29 pet grade which discharges it onto a 
stationary grizzly screen set on a slope of 30°. The 

1%-in. coal goes directly to the conveyor belt 
under the breaker, and the + 1%4-in. coal goes to the 
9x17-ft rotary breaker for rough cleaning and sizing 
to — 1% in. The 1%-in. screened and broken coal 
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is then conveyed on a 30 in., 4 ply, 252 ft long ter- 
minal centers, belt conveyor on a 6 pct downgrade 
to the tipple, where it can be loaded on either of 
two loading tracks by pants type loading chutes. A 
push-button control panel at the tipple control 
house has control of all the equipment beginning 
with the reciprocating feeder at the coal bin and 
ending at the loading chutes at the tipple. The rail- 
road cars are handled at the tipple by two com- 
pressed-air car droppers operated from the tipple 
control room. In general, preparation and dumping 
facilities at the West Portal are similar to those 
described for the East Portal except on not so large 
a scale. 

The cleaning of all coking coal for the byproduct 
ovens is accomplished at the Minnequa plant at 
Pueblo. A relatively new washing plant has been in- 
stalled, utilizing air-pulsated type jigs. This new 


washing equipment has replaced the previously ‘ 


employed Diester table equipment, and is designed 
for a capacity of 350 tons per hr. 

The initial step in the preparation of coal for use 
in the byproduct coke ovens is an efficient blending 


Ten ton trolley locomotive hauls train of cars on a main 
entry at the Allen mine. Roof supports consist of channels 
bolted against the roof by split rod and wedge type bolts. 


of the various coals used. A total of five mixing bins 
are provided for the purpose of storing the coal 
and permitting the coal to be blended prior to enter- 
ing the washery. Coal from the blending bins is 
conveyed to the coal washery and is fed to the jig 
sluices. The coal is supposed to be 112x0 in. in size; 
however, a degree of oversize is usually present 
From the jig sluices, the coal is divided and enters 
two 3-compartment, two cell, air-operated jigs, 
during which operation the impurities are removed 
from the coal. 

The clean coal is then dewatered and screened, 
with the + %% in. size being discharged into a 
crusher of hammer-mill type. The — %8 in. coal is 
then routed to centrifugal driers. The fine sizes con- 
tained in the effluent from the centrifugal driers are 
further channeled to the Rupp-Franz vibrating 
filters or to the Bird filter with the filter cake join- 
ing the crushed clean coal for conveyance to the 
clean coal storage bins, from where it is further 
transported by conveyor belts to the byproduct 
coke ovens, 


pit operation in 1854. 


CF&/ Raw Materials 


Aerial view shows Richard ore mine and company houses at Wharton, N. J. This underground magnetite mine began as a surface 


Eastern Operations 


by Fordyce Coburn 


ICHARD ore mine of the Colorado Fuel & Iron 

Corp. is an underground magnetite operation lo- 
cated in northern New Jersey approximately four 
miles northeast of the town of Dover, and 40 miles 
west of New York City. The mine is situated on the 
southeastern flank of one of the many gneissic 
ridges having a northeast-southwest trend. 

The history of the Richard mine dates back to 
1854 when mining was started from small surface 
pits. During the period from 1854 through 1916 a 
number of shafts were sunk to various depths. In 
1917, a four compartment vertical shaft known as 
the Sweetser shaft was sunk by Thomas Iron Co. to 
a depth of 1230 ft. Over a period of years, the mine 
has changed ownership a number of times and has 
included the Philadelphia & Reading Coal & Iron 
Co., the E. & G. Brooke Iron Co. and the Colorado 
Fuel & Iron Corp. 

The present capacity of the mine is approximately 
1000 tons of crude ore hoisted daily with the mill 
averaging 640 tons of finished product daily. This 
product is presently divided as shown in Table I. 


Table | — Iron Ore Product at Richard Ore Mine 


Ore Description Fe, Pct Production, Pct 


Concentrates, —8 mesh, 

for sintering 65 67 
XXX Crushed, —7/16 in., 

for sintering 61 28 
Blast furnace crushed, —1%4 x 

+ in., for direct charging 
Open hearth lump, 

—7 x +2 in. 60 s 


The ore deposit is a magnetic iron ore occurring 
in the pre-Cambrian gneisses which conforms in 
general to the structure of the country rock. There 
are two vein systems, recognized locally as the 
North and South Veins. These veins dip from 30° 
to 55° to the southeast and have an average pitch 
of 15° to the northeast. The North Vein consists 
of three shoots or lenses having an average thickness 
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FORDYCE COBURN, 
manager of eastern 
operations, CFGi, 
joined the E. G G. 
Brooke Iron Co., as 
vice-president in 
1944. Mr. Coburn 
was named vice- 
president of Richard 
Ore Co. in 1946. He 
holds membership in 
AIME, AISI, and 
Eastern States Blast 
Furnace G Coke 
Oven Assn. 


of approximately 11 ft which are joined by a small 
leader of ore ranging in width from a few inches up 
to several feet. The South Vein, which lies 300 ft 
in the hanging wall of the North Vein, consists of 
one shoot approximately 2400 ft long and varying in 
thickness from 8 to 40 ft. 

Access to the mine is through the Sweetser shaft 
which is 1230 ft deep with the 1100 level being the 
lowest level. A 25° slope lying between the North 
and South Veins and 2000 ft northeast from the 
1100 level Sweetser shaft station services the 1300 
and 1500 levels. A modified shrinkage stope method 
of mining is used. Raises are driven from level to 
level on 75 ft centers with the stope chutes on 25 ft 
centers. Sublevels varying in length from 10 to 15 ft 
and driven at 20 to 30 ft intervals are used as en- 
trances into the stopes. Drift floor pillars, 25 ft 
deep, are left in each stope. After the broken ore 
has been removed from the stopes, the raise pillars 
between the stopes and the drift floor pillars and 
chute pillars from the upper level are removed. 

There are 249 employees on the plant payroll. 
This includes all phases of office, surface, mill and 
underground operations. Of this number, 148 are 
employed on three shifts in the mine, 38 in the mill, 
and the remainder in the office, surface and mainten- 
ance dept. A town site of 31 duplex houses and in- 
cluding recreational and social facilities is main- 
tained by the corporation for its employees and their 
children. Labor relations are excellent. 


Inclined rubber belt conveyor moves stone from crusher to 
top of separation building at Gasport quarry. Stone sifts by 
gravity through a series of diminishing screens and chutes 


into proper bins. 
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Gasport Quarry 

The Gasport, N. Y., quarry has been supplying dol- 
omite products both to the Wickwire Spencer Steel 
div. at Buffalo, and to the local community areas 
continuously since 1913. Prior to that time in 1910, 
it provided ballast stone for the Buffalo, Lockport, 
& Rochester Ry. Co., a local trolley-car line then in 
the process of construction. The trolley line project 
lasted about a year, after which the quarry closed 
down for three years, until its acquisition by the 
Buffalo plant. The area covered by the quarry and 
its yard facilities is about 115 acres. 

At the present time, about 35 acres have been 
worked down to the shale stratum which has varied 
from an initial depth of 12 ft to the present 30 ft 
level. The rock strata slope to the southeast and 
the quarrying has moved in a generally west-to- 
east direction. Today’s operations are proceeding at 
the rate of an acre of stone per year, a quantity 
approaching 100,000 net tons. 

The crushed product is obtained by the open-face 
method. The irregular topsoil layer, of from 0 to 18 
in. in depth, is stripped from the stone and 6 in. 
diam holes, 30 ft deep and 10 ft back from the shelf 
are drilled at distances of 12 ft apart. Staggered 
rows of holes, at 10-ft intervals, follow the first 
row until a desired number are ready for charging. 
Dynamite sticks of 4% in. diam, 200 lb per hole, 


Table || — Stone Sizes and Their Uses 


No. Size, In. Uses 
0 Oto % Agricultural fertilizer, screenings, 
filler 
1A Ve to % Oilstone 
M4 to 2 Open hearth raw dolomite, oilstone 
for roads 
2 % tol Concrete aggregate 
3A 1 to 1% Crushed stone roads, concrete aggregate 
3 1to2% Crushed stone roads, concrete aggregate 
4 2% to3% Crushed stone roads, concrete aggregate 
5 3% to4 Blast furnace stone (flux) 


are then loaded and set off as directed. Power 
shovels load the blasted stone into trucks which 
carry it to the crusher. The crusher breaks up 
chunks as large as 2 tons each, first to coconut size, 
then to fist size, after which the stone is passed onto 
an inclined rubber belt conveyor. The sizes men- 
tioned are maximums, with particle sizes ranging 
downward to the point where they can pass through 
a 20-mesh screen. 

The total mass is then transported on the con- 
veyor to the top of the bagging and storage build- 
ing, where it sifts by gravity through a series of 
diminishing screens and chutes into its proper bins. 
From the bins it is bagged or removed to storage 
piles adjacent to the building. The eight stone sizes 
which comprise those most in demand and some of 
their uses are given in Table II. 

The No. 0 agricultural mix is bagged and trans- 
ported to local farms. Road and concrete stone is 
delivered where needed and the open hearth and 
blast furnace fluxes are sent on to the Buffalo plant. 
Assuming 100,000 net tons annual production, the 
distribution of the stone product is roughly 15 pct 
for agricultural uses, 20 pct open hearth, 25 pct 
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Flow sheet shows operations at 
Richard ore mine. Capacity of 
the mine is 1000 tons of crude 
ore daily, and the mill averages 
640 tons of finished product 
daily. The plant furnishes 60 
pct of the concentrates used in 
the E. G G. Brooke sintering 
plant. Open hearth lump ore 
is shipped to the corporation's 
furnaces at Buffalo, Claymont, 
and Roebling. 
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blast furnace and 40 pct for all other commercial 
road and concrete uses. 


Purchased Iron Ore and Coke 

Production of high quality pig iron and steel in 
the Eastern plants of the corporation results from 
the careful blending of good basic raw materials, 
such as iron ore, limestone, coke, and purchased 
steel scrap. A rigid standard of quality in raw 
materials is maintained by careful analysis of all 
receipts prior to use by either the blast furnace or 
open hearth. 

At the two Buffalo blast furnaces, hematite iron 
ores from the upper Great Lakes are mixed with 
smaller amounts of crushed domestic and Canadian 
magnetite ore and high iron New Jersey magnetite 
concentrates sintered in eastern Pennsylvania at 
the corporation’s Brooke plant, Limestone is used in 
the ratio of 80 pct calcite from upper Michigan and 
20 pct dolomite from the Gasport quarry. Blast 
furnace fuel at Buffalo is byproduct coke screened 
and shipped daily in two sizes (blast furnace and 
nut grades) from a supplier in the Buffalo district. 
The physical and chemical characteristics of the 
coke are checked daily. 

The Brooke blast furnace operates with 60 to 65 
pet of its ore burden in the form of sintered iron 
ores, chiefly magnetite concentrates from northern 
New Jersey, where Richard ore mine supplies 60 
pet of the concentrates used in the Brooke sintering 
plant. The balance of the domestic concentrates 
required at the Brooke sintering plant are pur- 
chased from another company whose _ property 
adjoins the Richard mine. Due to low flue dust 
production at the Brooke blast furnace, additional 


flue dust is purchased for blending with anthracite 
No. 4 buckwheat coal to provide the best possible 
combination of fuel and high yield for the feed ore 
mixture to the sintering machine. When there is a 
demand for the production of certain grades of low 
phosphorus pig iron, a special low phosphorus iron 
ore concentrate is imported from West Africa and 
is either sintered alone or is blended as a diluent 
with small amounts of the higher phosphorus do- 
mestic concentrates. Manganiferous iron ore fines 
are also imported from Egypt for the production of 
high manganese sinters. A small tonnage of sil- 
iceous Lake ore is shipped to the Brooke plant dur- 
ing navigation season by boat and rail through the 
port of Erie, Pa. 

Limestone, in the ratio of 80 pct calcite and 20 pct 
dolomite is shipped by rail from local quarries with- 
in 25 miles of the plant. Fuel for the furnace is by- 
product coke screened and shipped daily in blast 
furnace and nut grades from a supplier in the Phila- 
delphia district. Other raw materials, such as mill 
scale, cinder, open hearth slag, and short shoveling 
turnings are normally shipped to the Brooke fur- 
nace from within a 100-mile radius of the plant. 

Open hearth lump ore is shipped by rail from the 
Richard ore mine to the corporation’s open hearth 
furnaces at Buffalo, Claymont, and Roebling. 

CF&I has expanded its Eastern operations to in- 
clude plants located on either inland waterways, or 
on navigable tidewater tributaries, or within short 
rail hauls of major Atlantic east coast terminals, 
thus enabling these plants to utilize Canadian and 
other imported iron ores for blending advantage- 
ously with domestic ores to produce uniformly high 
quality pig iron and steel. 
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CF&1/ Operations 


OMPLETION of a new seamless tube mill at the 
Pueblo plant of CF&I marks another chapter in 
the history of this great western industry. 

Advantageously located in the heart of America’s 
Western Empire, this fully-integrated steel plant 
for many years has been supplying iron and steel 
for the farmer and rancher; for the miner; for the 
railroads; for municipalities; for highway engineers 
and builders. Today, CF&I is equipped to serve the 
west’s all-important oil industry. 

In developing a steel industry for the west, found- 
ers of CF&I were sound in their selection of a 
location. The steel plant was located in the cente1 
of the western region which offers great quantities 
of raw materials of high quality. 

Freight trains move day and night transporting 
supplies of iron ore, coal, limestone, dolomite, and 
other materials from CF&I-owned mines and quar- 
ries to Pueblo. The CF&l-owned Colorado & Wyo- 
ming Ry. handles this heavy freight which has be- 
come a factor in western prosperity. 

Shipments of finished materials range from 
fencing wire and other materials for the farms to 
grinding balls and rods for the miner; from rails 
and rail fastenings for the railroads to merchant 


RUDOLPH SMITH, 
works manager, Pueb- 
lo has been associat- 
ed with CF&I for 26 
years. Born in Ne- 
braska, he held va- 
rious positions in the 
steel industry prior 
to joining CF&I. His 
main hobby is col- 
lecting firearms, but 
he still finds time 
for hunting and fish- 
ing. Mr. Smith is a 
Member of AIME 
and ASM. 
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Pueblo Plant 


by Rudolph Smith 


steel shapes; from byproduct chemicals to grader 
blades; from common nails to seamless tubing. 


Seamless Tube Mill 

The new seamless tube mill is designed to pro- 
duce 15,000 tons of oil country tubular goods per 
month. The mill is tooled for oil well casing in sizes 
4% through 95 in. OD and external and non-upset 
tubing in sizes 2% 3 through 4% in. Grades H-40, 
J-55 and N-80 are produced in lengths up to 48 ft. 
A coupling shop has been built as part of the mill 
and is designed to produce couplings to accommo- 
date tubing and casing up to 85% in. 

Since the products produced on this mill are for 
the oil industry, the mill has been equipped with 
gages necessary to produce this material to API 
specifications. 

The mill is housed in a building of five bays: A 
billet storage and cutting yard 90x500 ft; a hot mill 
bay 125x775 ft; a maintenance bay 60x850 ft; a fin- 
ishing floor 125x1050 ft; and a shipping bay 
125x1050 ft. The coupling shop occupies one end of 
the shipping bay. 

Of special interest is the maintenance bay where 
the mechanical, electrical and roll shops; gage and 
tool rooms; change house; and control rooms are 
located. 

No. 1 control room located at floor level is 60x125 
ft and has all of the high voltage switchgear, a 1250 
kw rectifier, motor generator sets for excitation and 
control of mill motors, and several motor starters 
for the mill auxiliary motors. 

No. 2 control room, also at floor level, is 60x50 ft 
and has a 1250 kw rectifier, a 750 kva unit substa- 
tion and several motor starters for mill auxiliary 
motors. A control room on the lower level is some 
725 ft long and includes the areas under No. 1 and 
No. 2 control rooms, an area 15x225 ft between the 
two control rooms and a 15x225 ft extension beyond 
No. 2 control room. This large control room is used 
for wiring trays and groups of motor starters. 

All control rooms, including those at lower level, 
are supplied with washed air that maintains a slight 
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Headgate of the Minnequa Canal which supplies water to 
CF&I steelmills in Pueblo is located on the Arkansas river 
40 miles upstream. This canal carries water to storage 
reservoirs which supply the mills by gravity flow. 


pressure in all parts of the control rooms. Other 
control rooms are located strategically throughout 
the mill with an underground conduit system serv- 
ing the electrical equipment. 

Electrical power is delivered to the mill at 6600 v, 
three-phase, 60-cycle, by means of nine 500 mcm 
cables in underground ducts to No. 1 control room, 
where it is distributed by metal clad switchgear to 
the main mill motors, unit substations and rectifiers 
that serve the entire mill. 

Round steel billets for this mill are rolled on the 
25 in. mill in multiple lengths and are received by 
the seamless mill in railroad cars where they are cut 
to desired length by acetylene torches on a specially 
designed bed. 

These billets are heated in a Salem rotary hearth 
furnace which will accommodate lengths up to 16 
ft. Fuel may be either coke oven or natural gas. 

Aetna Standard Engineering Co., Pittsburgh, de- 
signed and built the hot mill equipment consisting 
of two 36 in. Mannesmann-type piercing mills, a 30 
in. rolling mill, two 30 in. reelers, and for final siz- 
ing, a seven-stand continuous sizing mill and a 14- 
stand continuous reducing mill. The 14-stand mill 
is used for sizes 3% in. OD and smaller, while the 
seven-stand mill is used for the larger sizes. 

Reheat furnaces are provided ahead of the rolling 
mill and another series ahead of the 14-stand re- 
ducing mill. These latter furnaces, built by Selas 
Corp. consist of 15 barrel-type furnaces in line with 
the mill. Rollers which convey the pipe or tube 
through the furnaces are synchronized with the 
mill. These furnaces are designed to heat a tube 
from 1400° to 1900°F, at the rate of 250 fpm. 

Finishing floor equipment includes two Sutton, 
seven roll, rotary straighteners; two pairs of Bar- 
dons and Oliver cropping machines, capacity 2% to 
5% in. OD, and two pairs 4% through 95 in. OD; 
two pairs of Stamets threaders with pipe machinery 
heads, capacity 2% through 5% in. and three pairs 
of pipe machinery threaders, capacity 4% through 
9% in. OD; a Hill Acme upsetter for oil well tubing; 
and a gag straightener. 

Two Xact Ray pipe wall thickness gages are pro- 
vided at an inspection table following the straight- 
eners. These gages determine wall thickness up to 
5 ft from each end of the pipe, and mark the pipe 
for the cutoff machines. 
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Also located on the finishing floor is a unit for the 
heat treatment of casing and tubing to produce the 
N-80 specification. Included is a continuous quench 
and draw unit built by Selas Corp., which consists 
of two rows or batteries of eight barrel type fur- 
naces. One row is used to heat the pipe for quench- 
ing and the other to draw or temper. Quenching is 
accomplished by passing the pipe through a ring of 
high pressure water at the outlet end of the quench 
unit. This unit also may be used for the production 
of P-110. 

Since quenched and drawn pipe actually grows 
during the process, a heating furnace and a three- 
stand sizing mill are provided to reduce the pipe to 
correct size. The furnace is used for normalizing. 

At the final test bench, the casing or tubing is 
hydraulically tested up to 10,000 psi water pressure 
in a Taylor-Wilson tester. 

Equipment in the coupling shop includes two 
Bardons and Oliver coupling cut off machines, two 
Stamets boring machines, two National Acme boring 
machines, four Stamets tappers with Landis heads, 
and a continuous electrogalvanizing line. 

The entire mill has been designed to make maxi- 
mum use of mechanical handling facilities. Once a 
billet is placed on the charging ramp in the billet 
yard, it is conveyed by roller line, and cross-overs 
through the various operations to the cropping ma- 
chines. From the cropping machines, the material 
is handled by crane. 

Crane service is provided in each bay—two 15-ton 
Cleveland cranes in the billet yard, one 10-ton and 
one 20-ton crane in the hot mill, a 10-ton crane in 
the maintenance bay, a 74-ton crane in the roll 
shop, two 10-ton cranes in the finishing floor, and 
two 10-ton cranes in the shipping bay. 

The Colorado Fuel & Iron Corp. engineering dept. 
at Pueblo acted as prime contractor for this entire 
project and coordinated all activities concerning the 
engineering and erection of this new mill. 


Safety 

Throughout the design and construction of the 
new seamless tube mill, safety of workmen has been 
the factor of importance. 

CF&I at Pueblo has established an enviable rec- 
ord for safety. In 1950 the 8500 employees of this 
plant established a new world’s record for safety 
within a completely integrated steel plant. The en- 
tire operation, including coke ovens and railroad 
facilities, worked 5,598,361 man-hr without a loss- 
time accident. 

Establishment of the labor-management general 
safety committee has been credited with CF&lI’s 
safety performance. Five representatives of labor 
and five from management meet regularly to plot 
the course of action for safe production. The gen- 
eral safety committee considers safety and good- 
housekeeping for the entire plant and submits its 
recommendations to management. Sub-committees 
function within the various departments. All safety 
investigations, inspections and activities relating to 
safe workmanship are jobs for joint labor-manage- 
ment action. 

From 1943 to 1950, the number of accidents was 
reduced from 263 to 20, a drop of 92 pct. During 
the same time the frequency was reduced from 19.38 
to 1.28, also a drop of 92 pet. 


Water 
Availability of water constituted one of the major 
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reasons for locating the steel plant at Pueblo. 
The Minnequa Canal built in 1942 is 46 miles long 
and generally parallels the Arkansas River to the 
storage reservoirs—approximately 12,000 acre ft— 
4 miles south of Pueblo. This canal is 10 ft wide on 
the bottom, 8 ft deep and has a carrying capacity of 
285 cu ft per sec. Its down grade is approximately 
1 ft per mile. 

Through the canal’s course it crosses drainage 
arroyos by means of inverted pipe siphons. These 
siphons are 84-in. and 90-in. diam pipes. Storage 
south of Pueblo is also supplied by a storm ditch 
from the St. Charles River. This ditch is 15 miles 
long and diverts water under direct and storage 
decrees. 

Storage reservoirs at Pueblo supply 48-in. and 
60-in. ID pipe lines which deliver water by gravity 
to the steel plant. Quality of the water ranges from 
8 to 14 gr calcium carbonate hardness as compared 
to 12 to 30 gr water in the river at Pueblo. 

The inside-plant distribution system is supplied 
directly from storage and is supplemented by re- 
circulation of reclaimed water. The major part of 
the rolling mills are supplied by the standpipe from 
storage via the reservoir lines and through the 
turbogenerator condensers. Supply is further sup- 
plemented by spray ponds and a large cooling tower 
completed in 1953. 


Power 

The Pueblo plant generates steam and electric 
power. Low pressure steam, 150-lb saturated, is 
produced at three boiler plants, two of which are 
interconnected. Total capacity low pressure steam 
approximates 550,000 lb per hr. High pressure steam 
is generated at two plants at 310 lb, 625° FTT. Ca- 
pacity of these plants is 780,000 lb per hr, approx. 

Low pressure plants are equipped to use natural, 
coke oven, and blast furnace gas separately or in 
combination. Oil standby is also available. High 
pressure plants are equipped to burn natural and 
blast furnace gas separately or in combination. Boil- 
ers are equipped with full complement of auto- 
matic controls, including availability control. All 
plants have manifolds for check with combustion 
analyzer for proper fuel-air ratio control. Controlled 


Two million tons of raw coal a year are 
consumed by CF&I’s five batteries of coke 
ovens at Pueblo. At full capacity this 
plant will produce 1.2 million tons of 
coke each year accompanied by the re- 
covery of numerous coal chemicals. One 
of four different types of Koppers ovens 
is shown. 


water treatment is applied to all boilers with evap- 
orators supplying makeup for the high pressure 
steam. 

The power house at Pueblo contains the usual 
equipment for operation of full condensing turbo 
blowers and generators. There are four turbo blow- 
ers, with a capacity of 70,000 cfm at 26 lb. 

Modern pull-out switch gear control the operation 
and distribution of power from three 10,000 kw air- 
cooled and one 15,000 kw hydrogen-cooled turbo- 
generators. 

Direct current for mill requirements is supplied 
from three substations located throughout the mill 
area at points of maximum load. 


Coke Plant 

Train loads of coal from CF&I mines in the 
Trinidad area arrive daily at the coke plant located 
inside mill property at Pueblo. 

Five batteries of coke ovens, made up of four dif- 
ferent types of Koppers ovens, provide coke for four 
blast furnaces; surplus coke is sold to various 
foundries, beet sugar factories, and other blast fur- 
nace plants, and for other uses. 

The original plant was put into operation in 1918. 
More coking capacity was added in 1930, 1939, and 
1947, resulting in a present capacity of more than 
double the original plant. 

A new coal washing plant, built in 1952, equipped 
with the latest types of Baum jigs and centrifugal 
driers and with a capacity of 400 tons feed-coal per 
hr, is located at the Pueblo coke plant. This loca- 
tion puts control of the coal preparation unit di- 
rectly under the coke plant management and also 
permits the gathering of coal from several sources 
into one central washery. 

CF&I coke is not unknown to coke consumers in 
Chicago and Pittsburgh districts. Made from a 
mixture of Colorado and New Mexico high volatile 
and Arkansas low volatile coals, with proportions 
varied according to the end use, the coke is the 
equal to most eastern coke except from the angle of 
ash content. 

The coke is sized on vibrating screens as required 
for end use, with +1 in. coke being used for the 
blast furnaces; larger coke is separated for foundry 
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Ore Preparation Plant 


Left—Iin the ore preparation plant, ore is 
properly sized, a portion is screened out 
for sintering, and the crushed ore is 
blended before charging into furnaces. 
Crushing plant has a capacity of 700 tons 
per hr, and the sintering facilities can 
handle 100 tons per hr. 


cont 


Below—Recognizing the importance of 
ore preparation, CF&I installed the first 
ore blending facilities in the U.S. at 
Pueblo. The double wing stacker is shown 
in the foreground. There are four beds 
upon which ore may be blended, and sys- 
tem can hondle 450 net tons per hr of 
ore to the beds. Reclaiming system can 
handle as much as 800 tons per hr. 


1324—JOURNAL OF METALS, OCTOBER 1953 


\ 


VN \ 
“WN 
\a \ \ Comeroa a \ 
\ 
\ 
car 
LEGEND 
Pon One 
Sin Tee 
L>>>>>> 
Misc 
AKIN 


use. The —1 in. breeze may be sold as such, or sep- 
arated into fine breeze and nut coke as needed; this 
breeze is used as fuel in the Pueblo sintering plant, 
as bedding material in soaking pits, and as fuel in 
various nonferrous processes. 

Coal chemicals recovered follow to a large extent 
the customary pattern of production method and 
quality. A somewhat unusual type of sulphate satu- 
rator is used, in which the normal procedure of ab- 
sorption of ammonia by sulphuric acid is integrated 
with a process of crystallization and recirculation 
which. permits the production of ammonium sul- 
phate crystals of controllable size. Crystals are dried 
in a top-feed filter using heated air as a drying 
medium, followed by a steam heated rotary kiln 
drier. Crude pyridine is separated from the liquor 
bath of this ammonia plant by neutralization with 
ammonia and distillation. 

Tar is recovered from the gas by condensation 
in tubular coolers and by electrical precipitation. A 
tar distilling plant produces creosote for wood pre- 
serving use, and from the heavy pitch residue roof- 
ing pitch and tar paint is made. A system has been 
developed for incorporating a portion of the hard 
pitch into fuel oil, and this blended fuel improves 
heating conditions at the open hearth furnaces. Any 
remaining hard pitch is granulated with water and 
added to the coal charged into the ovens. 

The conventional benzol, toluol, and xylol prod- 
ucts are produced at the benzol plant and range in 
quality from the high grades used in chemical man- 
ufacture to motor fuel and paint thinner. Sulphuric 
acid used in the light oil process is recovered by a 
modification of the Ufer process, with about 70 pct 
of the acid originally used for benzol purification 
being saved and reused for the production of am- 
monium sulphate. 

Consuming about 2 million tons of raw coal per 
year, the coke plant at full capacity will produce 
1.2 million tons of coke. This coke production will 
be accompanied by the recovery of about 16 million 
gal of tar, from which can be made 6 million gal of 
creosote, 18,000 gal of roofing pitch, and 9 million 
gal of blended fuel. Ammonium sulphate produc- 
tion will total 18,000 tons, and the benzol plant will 
recover about 3.5 million gal of benzol, 0.75 million 
gal of toluol and 0.25 million gal of xylol. Pyridine 
amounting to 25,000 gal will be recovered, and 
about 700 tons of crude napthalene (74°F melting 
point). 


Ore Preparation 

The Pueblo plant receives its principal supply of 
iron ore from the Sunrise mine, located in Platte 
County, Wyo., and Iron Mountain, southwest of 
Cedar City, Utah. 

High grade limestone from the Monarch quarry 
located on the continental divide above Salida, 
Colo., is shipped into Pueblo to be used as a flux in 
blast furnace charge. 

Of importance to the successful operation of the 
blest furnace plant is the ore preparation unit at 
Preblo. Due to the geologic structure of both the 
Utah and Wyoming deposits, the ores, both high in 
grade, are quite variable in chemical and physical 
nature 

The Sunrise deposit, lying in a faulted area, is 
mined by the block caving method. With a border 
rock consisting of schists and irregular inclusions of 
pinite (hydrous silicate of aluminum potassium) in 
the orebodies, the principal variables in the ore are 


the iron and silica-alumina contents. Sunrise ore is, 
for the most part, soft hematite running about 22 
pet —80 mesh. 

The tonnage received from the Utah area has been 
from the Duncan and Blowout orebodies. These ores 
have been subjected to igneous intrusion, and vary 
from 20 to 100 pet magnetic. The ores are hard and 
vary chiefly in iron, silica, sulphur and phosphorus 
content. They are mined by open pit method. 

To minimize the effects of the variable nature of 
ores on furnace performance, a system of ore prep- 
aration is applied whereby the ore is properly sized, 
an adequate portion is screened out for sintering, 
and the crushed ore is blended before charging into 
the furnaces. In addition, this plant is used for the 
sizing of limestone for the blast furnaces, dolomite 
for the open hearth, and refractory materials for 
general mill purposes. 

Ore is sized in three stages; primary crushing is 
accomplished by a 48x60 in. Superior-type jaw 
crusher; the secondary crushing stage employs two 
514 ft standard head Symons crushers; the tertiary 
stage uses two 5% ft flat head Symons crushers. 
These crushers are equipped with scalping devices 
and means are provided to bypass the tertiary stage 
to accomplish selective sizing for either the ores or 
the miscellaneous materials prepared at this plant. 
The capacity of this system is approximately 700 
net tons per hr. 

The sintering plant proper consists of two Dwight- 
Lloyd machines, each 72 in. wide and 102 ft long. 
Prepared coke breeze is used as a solid fuel and ig- 
nition is accomplished with natural or coke oven 
gas. The capacity of the sintering facilities is ap- 
proximately 100 tons per hr. 

There are four beds on which the sized ore may 
be blended, thus permitting two beds to be used for 
stacking while reclaiming is accomplished from the 
two remaining beds. 

Stacking is accomplished by a double-wing 
stacker and the reclaiming operation is performed 
by two Robins-Messiter reclaimers. Briefly, the 
stacker, by its longitudinal travel, lays the ore down 
in many thin layers on the beds, and the reclaimer 
transversely cuts the ore in nearly vertical planes 
in performing the reloading operation. The ore is 
thus blended both physically and chemically to an 
extent that defies detection of variation by the most 
thorough sampling procedures. The capacity of the 
system handling the ore to the beds is 450 net tons 
per hr and the reclaiming system can handle as 
much as 800 tons per hr to meet requirements of 
the blast furnace system. 

Material is brought to the furnace bins by a single 
rail high line. Forty three bins built in a continuous 
line serve the four furnaces with all raw materials. 
Storave area for raw materials is provided by a 
stock yard extending the length of the furnace line 
and is served by high and low line tracks and two 
boom cranes. 


Blast Furnaces 

Resides the raw material preparation plant, stock 
vard and bin facilities, the blast furnace dept. at 
Pueblo comprises four blast furnaces designated by 
letters A, D, E, and F, a pig casting plant, a slag 
dump, metal and slag handling equipment, and a 
refractory preparation house. 

The blast furnaces may be described by tabulat- 
ing their internal measurements or lines in Table I. 


OCTOBER 1953, JOURNAL OF METALS—1325 


4 
a 
x 
‘ape 
ir 
h 
3 
ven 
tal 
<4 
San. 
be 


Table |. Pueblo Blast Furnace Internal Measurements 


A D E F 
Hearth diam 20’ 6” 20° 7” 
No. of tuyeres 12 12 12 12 
Iron notch to tuyeres rin” oo” 


Tuyeres to mantle 1779” wa” 10’ 10” 
Mantle diam 23° 9” 27’ 24 9” 
Mantle to stock line 56’ 8” 6%” 55’ 2” 58’ 119” 


Big bell diam 14’ 14’ 14’ 14’ 


Working vol-cu ft, 25,075 25,263 23,651 27,029 
tuyeres to stock line 

Rated daily capacity, 644 644 660 682 
net tons 

Total annual rated capacity 960,000 


' Over @ sustained period with favorable linings and raw material con- 
ditions, the furnaces have produced more than 3000 net tons per day for 
@ monthly rate in excess of 95,000 net tons 


The furnaces are all equipped with Brosius elec- 
tric mud guns, primary dust catchers, automatic 
electric skip hoists (three of which are equipped 
with over-and-under skip bridges). All furnaces 
use McKee tops and cast house cranes, three fur- 
naces use multibeam scale cars and the fourth uses 
a two-compartment Atlas car. Coke breeze is dis- 
posed of on three furnaces by stationary grizzlies, 
over which the coke is drawn into the scale cars, 
while the fourth furnace uses a Robins screen and 
weigh hopper over the skip buckets. 

The furnaces are equipped with four stoves each. 
Stoves are of the two-pass type and are 21 ft diam 
and 100 ft high, outside dimensions, with 46,000 
sq ft of heating surface. A hot blast temperature 
of 1100°F can be maintained over a sustained pe- 
riod. Blast furnace gas is cleaned by a dry-type 
Cottrell precipitator installed in a common gas main. 

Pigging facilities, consisting of two double-strand 
machines, dispose of periodic excesses of hot metal 
or prepare merchant iron for the works and foundry 
trade. Hot metal is handled to the open hearth in 
nine Pugh-type Treadwell hot metal cars with ca- 
pacities ranging from 120 to 140 net tons each. Slag 
is wasted hot to a dumping area by 36 air-dump 
slag pots. All haulage of hot metal, slag and mis- 
cellaneous material is accomplished with diesel 
locomotives. 

Open Hearth 

Hot metal from the blast furnaces is taken direct- 
ly to Pueblo’s 16 open hearth furnaces, where steel 
is produced on an average of 115-ton heats. Built 
in 1902, its design of low elevation of the furnace 
floor above pit floor level and general arrangement 
presents serious handicaps to modern methods in 
operation and maintenance. However, CF&I has 
provided ways and means to overcome most of the 
obstacles with the result that a record production 
of 141,700 tons was made in March 1953. This is 
equal to 27.4 tons of steel per hr per 1000 sq ft of 
hearth area. 

Best operation at Pueblo’s open hearth has been 
obtained with a hot metal charge of 55 pct. Hot 
metal is delivered in Pugh-type Treadwell ladles 
to either end of the shop for charging into furnaces 
by four overhead cranes. A 300-ton hot metal stor- 
age tank is located on the north end. The stock 
yard is adjacent to the furnace floor and extends 
three quarters of its length. There are four con- 
necting cross-overs in addition to the track runout 
on the south end. Scrap is handled directly from 
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broad gage cars into 18 cu ft charging pans which, 
due to their small size, have resulted in practices of 
hand-stocking and baling scrap to reduce charging 
time to a minimum. 

A narrow-gage rail system services the dept. on 
the charging side as well as the steel delivery side, 
and includes eight 25-ton and three 44-ton diesel 
locomotives. 

Grades of steel produced, including rimmed, 
semi-killed, killed and some simple chrome-moly- 
nickel alloys, fall within the specifications required 
in the manufacture of rails and fastenings, wire, 
tubular and structural steel products. 

Melting within close limits is obtained through 
the use of three carbometers located in each one 
third section of the shop and by an adequate or- 
ganization of melter foremen consisting of one 
senior and three junior melters per turn. The latter 
provides for close supervision of all phases of fur- 
nace operation which includes bottom maintenance, 
charging and working of heats, quality control, safe- 
ty and housekeeping. Three observers, including a 
senior observer, assist in the quality control. This 
system is invaluable in the training of future furnace 
operators. 

Of particular interest is the extensive use of com- 
pressed air for working heats and for bottom main- 
tenance. The relatively dry air, due to extremely 
low humidity, is piped throughout the shop with 
outlets located between furnaces and between the 
charging car rails with hoses attached at all times. 
Compressed air is always available for decarboniza- 
tion, for assisting with slag flush-off or for shaping- 
up heats as well as blowing steel out of puddle holes. 

Furnace bottoms are maintained with double- 
burned dolomite below the slag line and with raw 
dolomite, sized —1 in. + % in. with a small amount 


Sixteen basic open hearth furnaces are operated at 
Pueblo, producing an average of 115 tons of steel per 
heat. Record production cf 141,700 tons was established 
last March. Deep ladles are used to provide sufficient 
turbulence for thorough mixing, in addition to allowing 
large ladle additions. 


2 


of magnesite and ground chrome above. Although 
originally some of the furnace bottoms were sin- 
tered in with magnesite, and some are of rammed 
construction, the practice for the past four years 
has been to get the bottoms low with low carbon 
heats and a washout before shutting the furnace 
down for a major rebuild. The bottom is then re- 
surfaced to a depth of 6 to 8 in. at the tap hole with 
a ramming mix. This overall bottom maintenance 
program has resulted in relatively low bottom de- 
lays and has contributed substantially to the over- 
all performance both from the standpoint of quality 
and tonnage. 

The furnaces are 66 ft long, set on 75-ft centers. 
The camel-back shaped roofs are of ribbed con- 
struction with a 3-in. offset extending approximate- 
ly 6 ft from the back skew, the main section being 
composed of 12 in. brick with a 15 in. rib. Basic 
brick is used in end-wall as well as front and back 
wall construction. To facilitate furnace rebuilding 
and materials handling, a large brick shed has been 
constructed adjacent to the south end of the furnace 
floor. All brick is handled through this shed on 
pallets and in tote boxes. The handling of materials 
by mechanical methods receives constant attention, 
so that furnace availability as well as furnace per- 
formance can be developed to the highest level. 

Significant to the steel delivery side of CF&l’s 
open hearth at Pueblo are the deep ladles which are 
a result of several increases in heat size during the 
past 20 years. The deep ladles allow enough tur- 
bulence during tapping to provide thorough mixing, 
and also provide for large ladle additions resulting 
in a substantial saving of materials; particularly 
manganese. 

Ladles are designed to permit nozzles to be set 
from the outside, an important factor in saving 
manpower. Only one mold size is used for all grades 
of steel, being designed primarily for rail steel 
requirements. It is nominally 24x25'% in. in cross- 
section, 80 in. high with fluted sides. Mold condi- 
tioning consists of scraping clean, and after many 
trials with different types of coating, satisfactory 
results with respect to product surface are obtained 
without the use of any mold coating. 


Rolling Mills 


Pueblo’s open hearth supplies ingots to feed seven 
rolling mills and an ultra-modern rod mill. CF&I 
operates a rail mill, 40-in., 25-in., 20-in., 14-in., 12- 
in., and 10-in. plus the Morgan rod mill. 

It is in these various mills that CF&I’s product 
diversification begins. The rail mill produces rails, 
as well as rod-mill billets; the 25-in. mill includes 
rounds for the seamless tube mill in its variety of 
products. Most famous product of CF&I is the rail- 
road rail, wherein perfection has been achieved in 
quality and straightness. 

Six batteries of modern Salem soaking pits are 
connected with the rail mill. Each battery consists 
of four 13-ft circular pits, fired with either coke 
oven gas or natural gas. They are equipped with 
automatic controls, two traveling pit cover ma- 
chines and two pit cranes. Ingot charge capacity is 
12 ingots per pit, or 288 ingots, approximately 5 
tons each in weight. 

The pits are charged on coke breeze bottoms. An 
ingot transfer car conveys ingots from the soaking 
pits to the approach table in the Pueblo rail mill 
where an electrically-operated mechanism elevates 


Rail mill at Pueblo is equipped with six batteries of Salem 
soaking pits. Each battery consists of four 13-ft circular 
pits fired with either coke oven gas or natural gas. Ingot 
capacity is 12 ingots per pit, or 288 ingots, approx five 
tons each in weight. 


the ingot, turns it and replaces it on the table roller 
line. 

All ingots are rolled bottom end, or butt first on 
the 36 in. blooming mill. This mill is powered by a 
7500 hp reversing steam engine with hydraulic- 
operated screw-down and manipulator. Twenty one 
passes are taken on a five-pass roll design to pro- 
duce blooms 8%x8% in. to 9%x9™% in. for the va- 
rious sizes of rails and billets. Blooms are cropped 
by a hydraulic shear and the crops go out over a 
scrap conveyor. Each ingot produces two blooms. 

As the bloom travels through the mill, five passes 
are made on a three-high 29 in. roughing stand pow- 
ered by a 3000 hp ac motor, followed by 4 passes 
on a 3-high 29 in. intermediate stand also powered 
by a 3000 hp ac motor. As the section comes out of 
the leader pass it runs full length onto a roller table, 
and an electric pull-over transfers the bar across 
the table for straight line entry into the finishing 
pass on the two-high 26 in. finishing stand powered 
by a 1200 hp ac motor. 

An electric dip-type hot saw cuts crop ends, and 
rails are cut to the standard 39-ft lengths. After 
sawing, the rails pass through a stamp wheel where 
required identifications are stamped on each rail. 

All CF&I rails are control-cooled through insu- 
lated cooling boxes. Each box has a capacity of 
168 rails. Rails are charged into the cooling boxes 
at 800° to 1000°F and slow-cooled down to 300° or 
under. This requires about 16 hr before they are 
removed for the final stage of finishing. 

The rail finishing dept. consists of roller lines and 
storage beds supplying six straightening presses. 
Each press has a complement of two mill-ending 
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Selas radiant burners harden ends of rails produced in 
Pueblo. Automatic devices regulate time and temperature 
through each of the radiant units until 1600°F is reached. 
Compressed air at 100 Ib pressure provides the quench to 
complete the end hardening process. 


machines, two drill presses and two Selas radiant 
heat-treating units for end hardening. 

The most modern production-line method of end- 
hardening has been installed recently in the finish- 
ing dept. of Pueblo’s rail mill. Fully automatic, 


exact timing devices regulate time and temperature 
through each of the radiant units until the final heat 
of 1600°F is reached. Then a blast of compressed 
air, under 100 lb pressure, provides the quench to 


complete the end-hardening process. 
When not producing rails, this mill rolls billets 
4% in. square for use in CF&I’s continuous rod mill. 


Rod Mill 
In 1949 CF&I built a Morgan continuous rod 
mill considered to be the finest of its type in the 
world. Today this mill is supplying bundles of rod 
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to practically all CF&I subsidiaries engaged in man- 
ufacture of wire products. 

Billets produced in the rail mill are delivered to 
the rod mill on specially constructed railroad cars 
by the C&W interplant railway. The billets each 
weigh from 1344 to 1504 Ib. 

Overhead electric magnet cranes lift nine tons of 
billets at a time and place them in storage racks, or 
load them directly onto the unscrambling table 
which has a capacity of 50 tons. This unscrambler 
is a unique device that has four stages of shuffle 
bars and deposits one billet at a time onto a roller 
line to enter the heating furnace. 

The Rust continuous heating furnace is a side- 
charge and discharge design with a level hearth 
69 ft 8% in. x 26 ft with top firing in two zones using 
coke oven or natural gas fuels. The furnace is 
equipped with automatic controls and is rated at 
60-tons per hr. 

At the discharge end a billet pusher moves the 
billet into a four-stand 18 in. continuous mill 
equipped with roller twisters between each stand. 
In this mill the billets are reduced to 2%x2 9/16 in. 
in lengths from 67 to 72 ft delivered onto a roller 
table full length; a crop-end shear divides the 
length into two billets. They then are charged into 
a heat holding furnace by pinch rollers. This fur- 
nace, fired with coke oven or natural gas fuels, is 
equipped with automat'c controls and has a hearth 
36 ft x 6 ft. The furnace normally holds a charge of 
about 20 billets. Holding in this furnace restores 
heat loss and maintains temperatures for subse- 
quent rolling. 

From here the mill is of conventional continuous 
design. It consists of 23 stands, three-strands each. 
There are six laying reels and two rod conveyors 
at the finishing end. An overhead hook conveyor 
transvorts the 700-lb bundles to the unloading sta- 
tion where the coils are transferred onto electric 
shuttle cars that transport them to the wire mill. 


Wire Mill 
Recent modernization of wire fabricating and 
drawing facilities have boosted production to more 


Considered one of 
the finest continuous 
rod mills in the 
world, this Morgan 
mill was opened at 
Pueblo in 1949. Mill 
consists of 23 stands, 
three strands each. 
There are six laying 
reels and two rod 
conveyors at the fin- 
ishing end and an 
overhead hood con- 
veyor transports the 
700 Ib bundles to the 
unloading station. 
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Pueblo wire mill is equipped 
with 71 Morgan-Connor and 
Vaughn drawing machines. Ma- 
chines range from one draft 
bull blocks to seven draft con- 
tinuous drawing machines. Wire 
drawn from rods ranges in size 
from 0.490 to 0.0317 in. diam. 
Mill is capable of producing 
more than 20,000 tons of wire 
and wire products per month. 


than 20,000 tons of wire and wire products per 
month. 

Rods from the Morgan mill are unloaded at the 
wire mill by ram trucks handling five 700-lb bun- 
dles of rod per lift. These trucks, in addition to un- 
loading the shuttle train, stock the rods on the rod 
dock, and deliver rods to the cleaning house. 

Rods are cleaned by pickling in sulphuric acid in 
a straight-line cleaning house equipped with two 
gantry cranes, three 6700 gal tanks, rinsing and 
coating tanks, and Carl Mayers flash bakers. Capa- 
city of this unit is 750 tons of rods every 24 hr. 

Wire drawn from rods ranges in size from 0.490 
to 0.0317 in. diam. Both low and high carbon wire 
is drawn. Seventy one Morgan-Connor and Vaughn 
drawing machines are used. These machines range 
from one draft bull blocks to seven draft continuous 
drawing machines. 

High carbon wire and rods are patented on a 24- 
strand gas-fired air patenting furnace which has a 
capacity of 850 tons per month. 

Galvanized wire is produced on four wire gal- 
vanizing frames with a combined capacity of 5500 
tons per month. Asbestos wiped and charcoal wiped 
wire is produced to the various ASTM coating speci- 
fications. Other equipment for galvanizing wire 
products and allied products consists of three gal- 
vanizing pans, one for Realock fence posts, struc- 
tural steel for slide gates, and bars used in Realock 
fence; another for fittings for Realock fence, bolts 
and large wire spikes; and the third unit is designed 
for Realock fence woven from bright wire. 

Drawn wire is annealed in Lee Wilson furnaces 
of the latest design. Six gas-fired furnaces are used 
which have a combined capacity of 4500 tons of 
wire per month. All furnaces are automatically 
controlled as to atmosphere, temperature and heat- 
ing cycle. 

Bright wire produced by the drawing dept., and 
wire which has been galvanized or annealed, is 
further processed into finished wire products or 
bundled for shipment to wire users. 
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Nails and staples are produced on 200 machines 
with a capacity of 6000 tons per month. Over 1000 
different sizes and types of nails and staples are 
produced. Equipment is available for blueing, hot- 
tumbler galvanizing, electrogalvanizing, and cement 
coating nails produced in this department. 

Fence, barbed wire and netting are produced in 
various styles on 84 machines with a combined 
capacity of over 3000 tons per month. Fence prod- 
ucts consist of various styles—hinge-joint farm 
fence, Realock chain-link, ornamental lawn and V- 
mesh, | and 2 in. poultry netting, 1% in. stucco net- 
ting, 2 and 4 point barb wire and two-ply strand. 
Gates also are manufactured to match the various 
fences produced, along with galvanized posts for 
Realock fence and the popular silver-tipped Tee 
post for farm and barbed wire fence. 

Welded fabric is produced on six machines with 
a combined capacity of 2200 tons per month. Fabric 
ranges in size from 1x1 in. spacing with 0.0625 in. 
diam wire both longitudinally and laterally, to fab- 
ric using 0.362 in. diam wire on longitudinal and 
lateral spaces from 2 to 18 in. 

Bale ties and coiled baling wire are produced on 
39 machines from wire annealed in Lee Wilson an- 
nealing furnaces with a combined capacity of coiled 
and loop ties in excess of 3000 tons per month. 
Coiled baling wire is produced and packaged to 
American Society of Agricultural Engineers’ speci- 
fications. Loop ties are made in various lengths and 
gages normally used by balers. 

Zine coated seven-wire cable is produced to 
ASTM specifications in sizes ranging from % to % 
in. diam. General purpose four, six and seven wire 
galvanized strand is also produced from 19 and 20 
gave galvanized wire. 

Rigid control is maintained on all wire and prod- 
ucts by metallurgical observers and inspectors in 
each processing department. A metallurgical lab- 
oratory within the wire mill contains all necessary 
equipment for physical, chemical, and metallurgical 
analysis of wire and wire products. 
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= View of ore dock at 

Buffalo shows blast 

furnace stone in fore- 
ground. Unloaders 
are at the upper 
right, and the ore 
boat can be seen at 
the left. The two un- 
loaders can empty a 
6000 to 8000 ton boat 
in 12 he. 


which may be considered as an 

integral part of the iron making process in the 

Buffalo plant begin at the Niagara River adjacent to 

the westernmost edge of the plant’s property. The 

ore and other components continue in an eastward 

direction through the casting process. The blowing 

engines, which provide air to the blast furnaces, 

mark the eastern edge of the area and stand be- 

e tween the blast furnaces and the open hearth unit. 

CFE! Operations The two blast furnaces (X) and (Y) have a rated 

annual capacity of 39,000 tons. Ninety five pct of 

the ore used is supplied by boat, as well as all of the 

calcite stone. During the 7-month (expected mini- 

mum) navigation season, a year’s supply of ore is 

brought in by about 100 boats, with a goal of 5 to 

Buffalo Pla nt 542 months’ supply planned as available on Decem- 

ber 1 of each year. The remaining 5 pct of ore, plus 

all coke and sinter, are delivered by rail. Dolomite 
stone arrives from the Gasport quarry by truck. 

Two unloaders transfer the boat cargoes to the 

ore-trench. One of these is a Hulett type and the 


by A. E. Giblin 


A. E. GIBLIN, plant 
manager at Buffalo, 
was born in Dublin, 
Ireland. Prior to join- 
ing CF&I in 1946, he 
had been associated 
with Bethlehem Steel 
Co. and Republic 
Steel Corp. Mr. Gib- 
lin was appointed 
assistant plant man- 
ager in 1949 and 
became plant man- 
ager in May 1953. 
Mr. Giblin’s main in- 
terests ure home 
movies and miniature 
railroads. 
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other a Bridge type bucket. These unloaders can 
empty a 6000 to 8000-net ton boat in 12 hr. From 
the ore-trench the stocks are removed to their 
locations in the ore yard by the ore bridge. The ore 
bridge also functions as the filler of the transfer 
cars operating on a trestle over the blast furnace 
stock houses. 

The transfer cars deposit blast furnace mate- 
rials by gravity chutes into the stockhouse bins. A 
scale car running beneath the bins is loaded directly 
according to weight and ore sequences established 
for the program being followed. The scale car oper- 
ator also operates the skip car into which the scale 
car load is dumped. The skip hoist then hauls each 
load at approximate 1 min intervals to the top of 
the hoist where it discharges into the small bell at 
the top of the furnace. 

Following its transition period of about 9 hr from 
ore to molten pig iron, the metal is cast into Pugh- 
type ladles and delivered to the pig machine or the 
open hearth unit. The slag produced flows directly 
into adjacent cooling pits from which it is later 
removed by power shovel and hauled by truck. 

The iron produced is primarily of two types: 
Basic and malleable. These are produced in approx- 
imately equal quantities during normal operating 
conditions. Occasional casts of foundry iron are 
produced, but in total, contribute only in a small 
way to the total tonnage picture. 


Open Hearth 

Open hearth operation at the Buffalo plant 
centers around four 100-ton basic furnaces, oil fired. 
These furnaces are placed side-by-side fronting to 
the west. 

Operating theory, which has been followed closely 
in practice, has generally called for three furnaces 
to be in continuous operation. The fourth furnace 
is held in reserve and brought into use only when 


The two blast furnaces have a rated annual capacity of 
390,000 tons. Y blast furnace is shown here, and the skip 
bridge can be seen at the left. 


Molten metal from the blast furnace is cast into Pugh 
type ladles and delivered to the open hearth, or the pig 
machine as shown here. 


one of those operating is taken out of production 
for rebuilding and general repair. 

Moving to the charging floor, all cold metals are 
brought in by buggy from the south end, while hot 
iron is carried in through the north entrance. 
Actual metal charging is done through the five 
doors of each furnace by two charging machines, 
except for the hot iron which is poured directly 
from the ladle into the hearth. Fluxes and refrac- 
tories are maintained in 1 to 2 days supply on the 
charging floor and added as required. 

After tapping from the east side, the steel is 
carried by ladle crane to adjacent mold track, 
which occupies the northeast end of the open 
hearth pit, and poured into 174%x18%x76'% in. big 
end down molds, which may be equipped with re- 
fractory hot tops if required. Molds measuring 
23 4% x44%4x74 in. are also used for a minor amount 
of production. 

The majority of the ingots produced weigh from 
4800 to 6000 lb, with the largest ingots reaching 
16,000 lb. The mold drag is then hauled to an area 
east of the open hearth pit, and adjoining the 
blooming mill soaking pits where the ingots are 
stripped from the molds for storage, soaking pit 
charging and shipping. 

The steel produced may be placed in two general 
classifications, high and low carbon, which term, in 
this usage, is primarily a relative one. The low car- 
bon product is made up of 1—rim, 2—semi-killed, 
and 3—killed steels. The major portion of 1 and 2 
conform to SAE 1010 analysis, and 3 to SAE 1008 
through SAE 1025 analyses. The high carbon steels 
range from analyses comparable to SAE _ 1040 
through SAE 1070. At present slightly more low 
carbon steel is being produced than high carbon in 
this plant. 

Slag is removed with the aid of slag ladles which 
are placed in their carriers by the open hearth pit 
crane and hauled to the skull cracker north of the 
open hearth furnaces. 

Rolling Mill 

Rolling mills are located east of the open hearth 
furnaces, and are laid out operationally in a north- 
south direction. The steels move in process from the 
ingot (west rolling area) through the bloom form 
and finish as billets (east rolling area.) 
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Hot pig iron for the open hearth is shown flowing from 
car into open hearth hot metal ladle. 


The ingots, whenever practicable, are charged 
into the soaking pits in a red-hot condition. The 
soaking pits are Surface Combustion, automatically 
controlled and oil-fired. There is one block of four 
holes and one of two holes, each hole capacity being 
20 ingots, or 50 to 60 tons. 

From the soaking pits the ingots are crane- 
loaded individually into an ingot buggy which 
transports them to a conveyor, where they pass 
directly onto the blooming mill travelling tables. 
The blooming mill is a United Engineering 32-in. 
diam pinion mill, 2-high dual stand, nonreversing. 
The dual stands, powered by a 2000 hp motor, 
process the ingot into a bloom 5 x 5 in. x 60 to 70 
ft long aided by the travelling tables, until the 
finished bloom is carried from the tables onto a 
second conveyor which passes bloom beneath end- 
cropping shears and on to the billet mill. 

The billet mill which reduces the bloom is a 6- 
stand, 18 in., continuous Morgan mill powered by 
two 1250 hp motors. Following the sixth stand, it is 
serviced by a flying billet shear which produces 14 
to 17 300-lb, 154 in. square x 30 ft billets from each 
bloom. A skew delivery table directs billets to a 
drag type cooling bed where they are delivered by 
crane to storage in the billet stock yard, located at 


View of open hearth pit looking north shows ingot molds 
beneath the steel ladle at right. 
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Six hole soaking pit, automatically controlled and oil-fired, 
has a capacity of 20 ingots per hole. 


the northeast end of the rolling mills. Billets are 
produced at the rate of 30 tons per hr. 


Rod Mill 


The rod mill, like the bloom and billet mills 
which it adjoins, is laid out in a north-south line, 
with the processing moving generally from the bil- 
lets at the north end to coiled rods at the south. The 
rod coils in this plant are rolled from 1 11/16 in. x 
30 ft 300-lb billets which are brought by crane in 
one movement from the billet yard to the billet fur- 
nace for heating. The heating takes place in a Mor- 
gan continuous furnace equipped with automatic 
controls and can be fired by coke oven gas or oil. 

After heating, billets move through the hot roll- 
ing operation in the rod mill. The rod mill is a 16- 
stand, continuous Morgan mill. It has a 6-stand 
12 in. rougher, followed by a 4-stand, 10 in. inter- 
mediate train, both of which are driven by a 1725 hp 
motor. The hot rod then continues through re- 
peaters and the final two sets of stands which con- 
sist of a 2-stand, 10 in. leader and a 4-stand, 10 in. 
finishing train, powered by a 1000 hp motor, until 
it is coiled on one of four pouring reels and dumped 
onto a power conveyor. The conveyor carries the 
coils horizontally under cover to a point where 


Billets are produced at the rate of 30 tons per hr on this 
6-stand, 18 in. continuous Morgan mill. 
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Vaughn HIV wire drawing machines are shown from take 
up end. Mill produces about 8500 tons of wire monthly. 


hooks take over. The hook conveyor may carry over 
100 coils simultaneously. The coils cool in transit 
throughout the 20 min conveyor cycle, after which 
they are removed and placed in storage awaiting 
shipping or wire mill usage. Coils are produced at 
the rate of 20 tons per hr. 


Wire Mill 


Wire mill production flow may be considered as 
moving in a north to south direction during process- 
ing operations which can reduce hot rolled coiled 
rods, No. 5 to 19/32, to as fine as 0.005 in. diam. 

Rod coils are brought from the storage yards out- 
side the northwest corner of the wire mill building 
in to the adjacent rod cleaning line, except for those 
high carbon coils which are patented prior to clean- 
ing at the cylindrical patenting furnace. Following 
cleaning and lime coating, the rods are baked dry. 
They are then ready to be ripped (drawn) and dis- 
tributed. 

Using tons of rods ripped as the capacity indi- 
cator, it may be stated that this wire mill produces 
approximately 8500 tons of wire monthly in sizes 
ranging from 0.5625 to 0.005 in. diam. The wire may 
be shipped after any of the numerous altering 
stages or, again, may be subject to various addi- 
tional treatments as required by the type of end 
product sought. Following final drawing, the wire 
may be cleaned, annealed, tin or cadmium coated, 
galvanized, oil tempered, rolled into flat (rectangu- 
lar cross-section) shapes or straightened and cut. 
Dilute 1—copper sulphate solutions or a dilute mix- 
ture of 2—copper sulphate and tin sulphate solu- 
tions will yield, after drawing, a coppered wire in 
the first case and a liquor finish in the second. Vari- 
ous physical tests are made continuously as well as 
other laboratory metallurgical checks. Chain link 
fence and electric-welded fabric also are produced. 

The wire drawing equipment is placed in units 
which produce like size ranges and thus all pro- 


In galvanizing wire, wire moves from right to left, through 
charcoal wipe, over rolls, and through water quench. 


View of cadmium and tinning unit shows take up drums, 
with metal bath and furnace at left. 


duction may be moved collectively to the succeeding 
operations by electric or gas-powered equipment. 
The central location of the shipping area provides 
accessibility from two sides and may have as much 
as 1 million lb of wire on hand. Shipments are made 
by truck and rail with truck shipments increasing 
in recent years. 

The mill is sectioned by the railroad tracks into 
what are known as the old mill (north) and the new 
mill (south) areas. Besides rod and wire cleaning, 
the old mill is predominant in rod, coarse wire, and 
and some intermediate wire drawing, plus patent- 
ing, annealing and metal coating operations. 

The new mill has about one third of its processing 
area devoted to all tempering requirements. The 
balance of the space is used by intermediate and fine 
wire finishing units and special process equipment. 
All oil tempered bundling and storage is done there, 
as well as a major portion of die polishing work. 
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CF&I/ Operations 


HE wire mill at Palmer is a tonnage production 
mill specializing in fine wire, and primarily 
concerned with supplying wire to the rope mill at 
Palmer, the spring mill at Worcester, the Clinton 
mill with its various operations, and the weaving 
plant at Mt. Wolf, Pa. Production is about equally 
divided between high carbon and low carbon wire. 

Production is scheduled so that wire flows direct- 
ly from the inspection and testing to the finishing 
depts., without the necessity for large inventories of 
process wire. Although the rope mill uses about 700 
different sizes and grades of wire, this inventory is 
very moderate, turning over about 20 times per 
year. 

Production facilities have been completely mod- 
ernized. All wire is drawn on continuous machines. 
Tungsten carbide dies are used throughout the 
plant, and these are conditioned in a modern die 
dept. with most of the work done by machine. All 
dies are water cooled and the wire drawing blocks 
are air cooled 

The annealing dept. is equipped with Lee Wilson 
bell type annealers. All furnaces are automatically 
controlled from a central office, where records of 
every charge are filed. Standard practices for an- 
nealing and spheroidizing are rigidly followed, in- 
suring a uniform product. Two independent gas 
generators insure a continual supply of protective 
atmosphere to the sealed furnaces, protecting the 
charge from oxidation and also preventing decar- 
burization of the steel. 

The galvanizing dept. has three large units and 
10 small units, to cover a range of sizes from 0.162 


F. G. LINDSTROM is 
New England district 
manager. He joined 
the Wright Wire Co. 
and Wickwire Spen- 
cer Steel Co. in 1904. 
Since 1947 he has 
been manager of the 
Palmer plant and the 
New England district, 
which includes the 
Palmer, Worcester, 
and Clinton plants. 
The most interesting 
of his diversified hob- 
bies is collecting first 
editions. 
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Palmer - Morgan - Clinton 


by F. G. Lindstrom 


Every strander in this battery of wire rope stranding ma- 
chines is a high speed tubular machine with the latest 
electronic controls and super-sensitive stops. 


down to 0.007 in. These furnaces can be adapted to 
high or low carbon, hard or soft wire, and will 
apply a thin wiped coating or a heavy extra-galvan- 
ized coating. Patenting or annealing, cleaning and 
galvanizing are accomplished in one operation. The 
smaller furnaces are adaptable to either galvanizing 
or tinning. 

The testing room is entirely mechanized. Both 
ends of every coil of rope wire are tested for both 
tensile and torsion. Each operator specializes on one 
phase of the testing. A unique application of the 
Tel-Autograph instrument ties the different testing 
stations continuously with the testing room office, 
where calculations are made and disposition of wire 
is decided. The wire comes off the testing room 
conveyor completely tagged, and flows directly to 
the rope wire storage area. 

An important factor in controlling quality at the 
Palmer plant is the rigid adherence to a written 
standard practice. The standard practice sheets are 
based on original experiments, followed by records 
from long production experience. 

A well equipped chemical and metallurgical 
laboratory does routine metallographic work, and 
a considerable amount of experimental work. It 
also assists in finding and correcting troubles in 
processing, and in difficulties which customers may 
encounter. 

Rope Mill: Steel rope wire, sisal fiber cores, and 
petroleum lubricants are the essential materials 
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Battery of Class B Morgan 
Connor wire drawing machines 
is shown in operation. All wire 
is drawn on continuous ma- 
chines, and tungsten carbide 
dies are used throughout the 
plant. About 700 sizes and 
grades of wire are used. 


used in Wickwire rope. Being a fully integrated 
company, Wickwire controls every processing step 
from the ore to the finished wire rope. Every coil 
of sisal core is manufactured prelubricated, and 
tested to Wickwire specifications. The wire rope 
lubricants, in turn, are designed by oil companies 
for particular applications. 

Three basic types of machinery are used in the 
manufacture of Wickwire rope: Spoolers, stranders, 
and closers. Spooling or coiling heads wind rope 
wire onto the metal bobbins or spools used in the 
stranding machines. Recent improvements in wire 


Lee Wilson bell type annealers are automatically con- 
trolled from a central office, where records of every 
charge are filed. 


drawing equipment are eliminating this operation, 
and much wire is drawn directly onto the strander 
spools. 

Stranding machines twist or lay individual rope 
wires together. As the strands are formed, they are 
internally lubricated with hot grease for corrosion 
protection and antifriction qualities. Every strander 
is a high speed tubular machine with the latest 
electronic controls and super-sensitive stops. Some 
are capable of laying as many as 46 wires together 
at one time. 

Closing machines lay the individual strands 
around a fiber or steel core and produce the finished 
rope. Closers at Palmer produce ropes from a frac- 
tion of an inch to several inches in diameter. Each 
carries auxiliary equipment to preform the rope at 
it is closed, making it stress free and easy to handle. 

A large quantity of rope is made into slings for 
lifting and handling material and equipment. 


These may be braided or spliced, but all are hand 
made by skilled craftsmen. 


Morgan Plant 

The Morgan plant is a specialty wire products 
mill. It manufactures a wide variety of precision 
mechanical springs and wire forms. It also processes 
round and flat spring wires through cold rolling, 
oil tempering, and straightening and cutting opera- 
tions. About two thirds of the production is shipped 
as springs and wire forms, and one third as trade 
wire to fabricators. 

The bulk of the raw material is received in the 
form of drawn wire from the Palmer plant. Most of 
this material is rolled, oil tempered and tested be- 
fore fabricating or shipping. Since several thousand 
items are handled on a job shop basis, the recon- 
ciliation of lot sizes for fabricating and wire proc- 
essing equipment requires constant attention to 
scheduling within the plant, and close coordination 
with the Palmer plant. While the overall inventory 
turnover of the plant is but eight times per year, the 
manufacturing activity rate is more clearly indi- 
cated in that wire inventory turnover is about 25 
times a year. 

A constant effort is made to improve the produc- 
tion facilities. There has been a substantial increase 
of volume in this period and a trend toward sale of 
the heavier and bulkier springs. Much of the present 
tonnage is palletized and moved by power lift 
trucks. Many skids and special types of trucks have 
been added to material handling equipment. Some 
of these will handle loads from machines through 
furnaces without reloading. 

In the wire tempering dept. six continuous fur- 
naces of simple but proven design are used. In this 
area buildings have been rehabilitated, furnace con- 


Testing room, where both ends of every coil of rope wire are 
tested in tension and torsion, is entirely mechanized. 
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Morgan plant specializes in precision mechanical springs 
and wire forms. Drawn wire is received from Palmer plant. 
Besly grinder is shown in operation. 


trols have been modernized and a variable speed 
takeup installed. The nature of the tempering op- 
eration is critical, and constant vigilance is required 
to maintain uniformity of product within the estab- 
lished close tolerances. To insure this result, both 
ends of each bundle of wire are tested for bends and 
tensile strength. 

New torsion winders were developed and success- 
fully applied to the heavy spring production sched- 
ules in this period. These are considered superior to 
competitive types. Several of the larger coilers 
were also acquired and put into production. In- 
creased attention has been given to the extended 
application of the tungsten carbides to forming and 
coiling tools, guides, and feeding mechanisms both 
in the spring coiling and fourslide wire forming 
depts. Also, air compressors have been installed 
which enable the use of faster wire bending and 
forming mechanisms, testing equipment and tool- 
clearing fixtures. The successful conclusion of a 
toolmaker-apprentice program solved an acute 
problem in this field. 

Quality control has been carefully organized to 
include a check of outside specifications and stand- 
ardized practices governing first piece or set-up 
inspection, in-process and final inspection and test- 
ing according to the requirements of the various 
classes of work. Equipment is available for handling 
the control problems. Metallurgical problems are 
worked out in cooperation with the Palmer and 


Buffalo plants. 


Clinton Plant 


The Clinton plant manufactures or fabricates 
various types of specialty items. The major produc- 
tion is devoted to items which are made to order, 
and although often duplicated, cannot be considered 
as stock items. 

Four departments are devoted to the weaving of 
various types of wire cloth, in a wide variety of 
meshes and wire sizes. This wire cloth is used 
throughout the world for many different end uses 
such as industrial wire cloth, used as strainers, 
filters, reinforcing for brake lining, machinery 


guards, etc. 
This material is manufactured from bright wire, 


galvanized and tinned steel wire, brass, bronze, 
copper, aluminum, Monel, stainless steel, and pure 
nickel wire. All wire is tested before manufacture 
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Increased attention has been given to the use of carbides 
for forming and coiling tools as in this large automatic 
coiling machine. 


and held to exacting specifications. Process inspec- 
tion goes on continually during manufacture, as 
well as inspection prior to shipment. 

Wire cloth is woven from warp beams or from 
creels on bar type, fly-shuttle type and pre-crimp 
looms, ranging in speed from 15 to 100 picks per 
min, depending upon the weight and specification of 
the wire cloth. 

Looms can manufacture material in varying 
meshes from 120 mesh, using 0.0035 in. diam wire, 
to 1 mesh, using 0.135 in. diam wire, in square, 
rectangular, twilled (herringboned or plain), and 
Dutch weave. Large quantities of wire cloth are 
manufactured from plain steel annealed wire and 
hot dipped galvanized after weaving. 

Large quantities of standard hardware cloth are 
manufactured and stocked at Clinton. This cloth is 
manufactured in meshes 2 to 8 per in. and from 
wire sizes 0.038 to 0.017 in. diam. This also is gal- 
vanized after weaving and is manufactured to Dept. 
of Commerce standards. 

Hex netting is woven in meshes % to 2 in. and in 
wire sizes from 0.020 to 0.080 in. diam, with a two 
or three twist to insure rigidity. Netting is woven 
from steel wire galvanized after and before weaving 
and nonferrous and ferrous alloys, depending upon 
the end use. Chief use is for fencing for farms, the 
making of fish traps, as well as for partitions and 
glue nets, and for glass reinforcing. 

The modern galvanizing dept. consists of two 
high-speed oil-fired galvanizing kettles. All during 
the operation a continuous inspection takes place 
to insure quality. Modern controls keep the kettle 
operating at a constant speed and uniform heat. 

Spiral Dept.: In the spiral dept, all sizes and 
types of spirally woven conveyor belts are manu- 
factured. Belts are operating at 40° below zero in 
frozen food plants and up to 2100° in the continuous 
brazing of steel parts. 

List of customers represents a cross-section of 
American and foreign industry. The conveyor en- 
gineers at Clinton recommend and design belts 
used in sintering, brazing, hardening, annealing and 
tempering of steel products; the food industry; 
drying; glass and pottery industry; rubber industry; 
and safety appliances. 

Machines process wire from the coil and straighten 
and cut it to length for reinforcing rods or straight 
connector rods. The crimpers process wire from the 


coil, straightening, crimping and cutting it to length 
for crimped connector rods. The weaving machines 
process wire from the coil and weave off the spirals. 
The belts are assembled by one spiral being woven 
into the next, as in the case of conventional weave, 
or right and left hand spirals are connected with 
crimped or straight connector rods, as in the case 
of balanced and compound weaves. 

Approximately 90 pct of the belts are put on the 
rolls either for knuckling or welding, which is done 
under tension. The belts are tested for side travel 
and waver while on the rolls. All high temperature 
belts are normalized under tension in a furnace be- 
fore leaving Clinton. 

An accurate record is kept of every belt manu- 
factured for every customer so that it can be dupli- 
cated at any time, whether for repair or for a new 
construction. 

Vibrating Dept.: In the vibrating dept., precision 
screens are made for all makes of vibrators, and 
for all types of screening and sizing operations. The 
finer screens are used for screening cement, clay, 
sand, limestone and asphalt, while the heavier 
screens are used for coal, coke, iron ore, and trap 
rock. 

All screens are made with pre-crimped warp and 
filler wires. The finer wire 0.047 to 0.312 in. is 
crimped on large rotary crimpers. Wire 0.312 to 
0.625 in. is crimped on large 200-ton capacity 
presses. The weaving is done in hydraulic looms to 
assure tight weave and uniform spacing. 

Various types of edges are made on these screens 
to adapt them to specific makes of vibrators, such as 
hooked, wrap around, knuckled and welded edges. 

Other items, such as spark arrestor cloth, and 
special screens made of stainless, copper, and 
bronze, for use where corrosive resistant material 
is needed are fabricated in this department. 

Coburn Dept.: Coburn trolleys and track are 
speeding up the production of all types of manu- 
facturing in such industries as paper, textile, plas- 
tic, metal fabrication, foundries, food processing, 
and shipping docks. Other Coburn hardware is used 
on doors for the farm, garages, railroad round- 
houses, fire stations, and in the homes and industries 
for fire protection. 

Due to the versatility of equipment, many spe- 
cialties are made such as road signs, furniture 
braces, lamp bracket parts and panels, and units 
used for noise insulation for jet engine test cells. 


Two high speed oi! fired galvanizing kettles make up the 
modern galvanizing dept. 


Extremes in spirally. woven conveyor iol are not only 
evident in sizes—belts are operating from 40° below 


zero to 2100°. All high temperature belts are normalized 
under tension before leaving Clinton. 


Equipment consists of shears and bending press 
brakes capable of handling steel sheets up to 10-ft 
lengths and 3/16 in. thick; rolls that can form %- 
in. thick angles and structural shapes; presses that 


can pierce, blank and form up to %-in. thick steel; 
and gas and electric welders that can be used on 
plain and stainless steel and aluminum. 

Perforated Metals Dept.: The perforated metals 
dept. is completely equipped for the manufacture of 
perforated metals of all kinds—with any size, shape 
or arrangement of holes that may be required from 
0.020 in. round (625 per sq in.) up to 10 in. round. 

Various types of presses are used in the manu- 
facture of Wissco perforated metal ranging from 
heavy railroad presses for punching %-in. gage 
steel to light, high speed roller presses for punch- 
ing brass and tin plate. The department is also 
equipped to shear, roll, form, weld, and assemble as 
may be specified. 

The application of perforated metals is practically 
unlimited and over 1000 dies are kept on hand in a 
specially built vault. To maintain these dies and to 
design and build new ones is the work of a group of 
skilled die makers employed in the die and machine 
shop. The plant metallurgical laboratory works 
closely with this shop in the selection of the proper 
tool steels and heat treatment. 

Industrial Wissco perforated metals are used as 
screen filters or sieves for the processing, refining, 
separating and cleaning of chemicals, coal, coke, 
drugs, food products, ore, etc. Decorative perforated 
metal is used for ornamental grilles in a wide 
variety of patterns for architectural use, and for 
air conditioning units, acoustical treatments in 
radio broadcasting, cabinets, and grilles for auto- 
mobiles. This department has the distinction of 
being the first to produce stamped metal grilles in 
America, and has been in operation for 65 years. 
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CF&1 Operations 


HE E. & G. Brooke plant located at Birdsboro, 
in the Schuylkill Valley, 50 miles northwest of 
Philadelphia, is one of Pennsylvania’s pioneer pig 
iron industries. Iron was processed in forges in the 
Birdsboro area as early as 1740 and throughout the 
Revolutionary War. The E. & G. Brooke Iron Co., 
founded in 1788, was known at that time as the 
Birdsboro Iron Works. E. & G. Brooke built their 
first blast furnace in 1846, and by using local iron ore 
this furnace produced cold blast charcoal pig iron 
at the rate of 1000 tons per year. Later this 
production was doubled by using anthracite coal 
with hot blast. Three additional blast furnaces were 
built in 1852, 1871, and 1873. 

The present Brooke blast furnace rebuilt in 1928 
and last relined in 1946 is located on the site of the 
furnace built in 1873. This furnace is rated at 
155,000 tons per year, but is currently producing in 
excess of this rate. 

Furnace equipment includes four stoves, two 
turbo blowing engines, one single strand pig casting 
machine, five boilers underfired with dry cleaned 
blast furnace gas, turbogenerating equipment for 
all plant electric power requirements, and a sinter- 
ing plant with a rated annual capacity of 160,000 
tons of sintered eastern magnetite iron ore. 

Most of the iron ore, limestone, and coke re- 
quired is shipped to the Brooke plant from points 
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E. & G. Brooke Plant 


by Fordyce Coburn 


within a 100-mile radius of Birdsboro. Certain iron 
ores are imported from foreign countries when 
available and competitive with domestic ore. All 
raw materials are unloaded either by gravity to 
trestle bins at the furnace or by locomotive steam 
cranes to stock piles in the yard. Switching service 
is provided principally by Brooke steam locomo- 
tives. Since the plant is dependent upon all-rail 
transportation for the majority of its raw materials 
from shipping points not influenced by winter 
weather (iron ore via the Great Lakes), it is not 
necessary to maintain more than several month’s 
supply of iron ore and a month’s supply of sintered 
iron ore in stock at the plant. The entire production 
of the furnace which is shipped as pig iron to cus- 
tomers within a 100-mile radius of the furnace 
consists of +90 pct basic grade with the balance as 
standard foundry iron for foundries in eastern 
Pennsylvania and New Jersey. 

The excess sintered iron ore production is shipped 
to the corporation’s blast furnaces at Buffalo. Blast 
furnace slag is poured into dry pits for a contractor 
who excavates, crushes, screens, and sells the slag 
on a royalty agreement with the corporation. 

At present, there are approximately 240 employ- 
ees from Birdsboro and vicinity engaged in the op- 
eration of the blast furnace and sintering plants. 
More than half of these have been with the com- 
pany 15 years or more. Labor relations are excellent. 


Aerial view of the E. & G. 
Brooke plant at Birdsboro, Pa., 
shows the site of one of Penn- 
sylvania’s pioneer pig iron in- 
dustries. Most of the iron ore, 
limestone, and coke required 
by the plant is shipped from 
points within a 100-mile radius. 


at 


An important industrial area has been developing around the Claymont plant, Claymont, Del. The plant comprises ap- 
proximately 680 acres, and is readily accessible by rail and water. 


CF&1 Operations 


Claymont Plant 


by Howard J. Davis 


ONSTRUCTION of the plant, now known as 

Claymont works at Claymont, Del., was begun 
in 1917-18 by the Worth Brothers, who a few 
months earlier had sold a similar plant located at 
Coatesville, Pa. At that time, the Worth family had 
been in the steel business approximately three 
quarters of a century. 


HOWARD J. DAVIS, 
assistant to the 
president is located 
at Claymont, was 
born at Kansas City. 
He has been with 
CF&I for 13 years. 
Prior to joining the 
corporation he had 
been associated with 
Carter-Waters Corp., 
Continental Con- 
struction Corp., and 
Harrington, Howard 
& Ash. Mr. Davis is 
a member of AISI. 


The plant site comprises approximately 680 acres, 
situated between the Baltimore & Ohio R.R. right- 
of-way on the northwest, and the Delaware River 
on the southeast. The plant property sits astride the 
main line of the Pennsylvania R.R. and U.S. 13, the 
industrial highway between Philadelphia and Wil- 
mington, and connecting major cities to the north- 
east and to the southwest. The plant is also served 
by the Reading R.R. 

The river frontage, approximately one mile along 
the northwest bank of the Delaware, is ideal for 
location of docks for water shipment of products 
and for receipt of domestic and foreign raw mate- 
rials. This geographical advantage takes on increas- 
ing significance as the supply and iron content of 
domestic iron ore diminishes. 

Since its inception, one of the most important in- 
dustrial areas in the United States has been devel- 
oping around the Claymont plant. Some customers 
have gravitated to this source of supply; others, 
originally located in the vicinity, attribute a share 
of their growth to the nearby source of plate prod- 
ucts. These plate consumers have, in turn, made 
possible a major part of Claymont’s development. 
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The Claymont works comprise five 112-ton and 
two 135-ton basic open hearth furnaces, with a 
combined capacity of approximately 495,000 tons 
annually; two plate mills, one of which is preceded 
by a vertical edger; a shop for the fabrication of 
both spun and pressed, flanged and dished heads; 
and a mill for the production of large diameter, high 
pressure natural gas and oil transmission pipe. 


Open Hearth 


The open hearth dept. began operations as a two- 
furnace shop in 1918. The third and fourth furnaces 
were added in 1921, the fifth in 1926, the sixth in 
1928, and the seventh in 1941. Original furnaces 
were designed to produce 84 net ton heats, and 
were subsequently enlarged to 112-ton capacity 
each. In 1952, two furnaces were increased to 135 
net tons each, and the remaining five furnaces are 
scheduled for comparable enlargement. 

The shop pours a standard slab ingot, weighing 
from 12 to 24 (approx) tons, and is equipped to 
bottom pour ingots as small as one ton for special 


requirements. 
Plate Mills 


Claymont’s rolling equipment comprises one 160- 
in., 3-high plate mill; one 120-in., 3-high plate mill; 
and a 72-in. vertical edging mill. 


The 160-in., 3-high plate mill delivers plate up to 145 in. 
wide and 40 to 45 ft long at 421 lineal fpm. 


The 160-in. mill, powered by a 5000-hp Weatherill 
steam engine, began operation in 1918. Top and 
bottom rolls are approximately 44 in. diam, and the 
middle roll 27 in. diam. The mill delivers plate up to 
145 in. wide x 40 to 45 ft long and up to approxi- 
mately 47,000 lb gross weight at 421 lineal fpm. 

In 1952, a vertical edging mill was installed in the 
160-in. plate mill line. The vertical edger, electric- 
ally driven by two 1500 hp motors, has a maximum 
opening of approximately 72 in. and a production 
speed of approximately 350 fpm. Rolls are 43 in. 
diam and approximately 27 in. in depth. In addition 
to the edge working of plates rolled direct from 
ingots up to 72 in. in width, the edging mill, oper- 
ating in conjunction with the 160-in. mill, permits 
the slabbing of large ingots. Slabs up to 6% in. 
thick are cut, while hot, to length by an electric 
shear, also installed in 1952. Thicknesses over 6% 
in. are burned to length. 
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The 120-in. mill, driven by a 4000-hp electric 
motor, was installed in 1921. Top and bottom rolls 
are approximately 42 in. diam, with the middle 
roll 25 in. The mill produces plate to a width of 
105 in. and a length of 40 to 45 ft, at approximately 
800 lineal fpm. 

The 160-in. mill is served by a battery of 12 soak- 
ing pits, 11 of which were originally producer-gas 
fired, with the remaining pit oil fired. Since acquir- 
ing the plant, CF&I has converted most of the pits 
to oil fire, and has under construction two new 4- 
hole pits, having a heating capacity of 70 tons per 
hr. The 120-in. mill is served by a two-line, oil fired 
continuous slab furnace, installed in 1952. This mod- 
ern pusher type, three zone reheating furnace has a 
designed capacity of 50 tons per hr. 

A car type normalizing furnace, capable of han- 
dling plates 144x468 in., was installed in 1952. This 
furnace, used for heat treating carbon, alloy and 
stainless clad product, is automatically controlled to 
assure conformance to strict physical specifications. 

The Claymont plate mills produce some of the 
widest and heaviest plate manufactured in the 
world. During World War II, the greater part of the 
production was absorbed by the Navy and Atomic 
Energy Commission. Defense requirements through- 
out the Korean episode absorbed a substantial part 
of the production of the plant. Products are also 
required industrially—in the manufacture of power 
equipment, pressure and storage vessels, rail and 
water transportation equipment, and for numerous 
structural purposes. Recent entrance into the field 
of alloy and special quality plate has expanded the 
scope of customer service. 

Claymont products have long enjoyed a reputa- 
tion for quality. To maintain this reputation on ex- 
isting product lines and to develop a comparable 
standing on grades, including alloy, newly added 
to the line, the metallurgical and inspection organi- 
zation has been expanded and additional process 
and quality controls installed. 

One of the plant’s most interesting products is 
stainless clad plate. This plate consists of a thin 
layer of stainless steel permanently and inseparably 
bonded to a heavier backing plate of carbon steel. 

Clad plate is made by first assembling a sandwich 
or composite. The composite is made by placing two 
stainless steel plates, or inserts, face to face and be- 
tween two carbon steel slabs or backers. A separat- 
ing compound between the faces of the stainless 
inserts prevents their welding together. A flux, 
which insures inseparable bonding of the stainless 
and carbon steels, is applied between each stainless 
insert and its adjacent backer. The entire periphery 
of the sandwich is welded to form an airtight com- 
posite slab. In this form, it is heated to rolling tem- 
perature and rolled. Since a composite will produce 
two stainless clad plates, it is hot rolled to double 
the desired gage of each finished plate. After roll- 
ing, the sandwich is sheared on all four edges. This 
allows the two clad plates to be separated. 

The stainless clad product provides a means of 
protection against corrosion for all types of vessels, 
conduit, and structures exposed on one surface to 
corrosive substances, and at a cost proportionately 
lower than solid stainless plate of equal gage and 
tensile value. 


Flanging Dept. 


The most complex of the Claymont operations is 
the forming of flanged and dished heads for use in 
storage and pressure vessels, and power equipment. 


ue. 


Flanging operations began at Claymont in 1921. 
Spinning is presently performed on one Birdsboro 
circle machine, capable of spinning heads 36 to 228 
in. diam, and to 6-in. gage; one Newbold circle ma- 
chine, which produces heads 24 to 96 in. diam, and 
to 1%4-in. gage; and one Newbold machine, which 
handles the range from 9% to 42 in. diam, and to %- 
in, gage. Each circle machine is served by its own oil 
- fired heating furnace. 

The flanging dept. also produces pressed heads, 
manhole frames and covers, saddles and sundry spe- 
cial pressings. Work is performed on four presses 
having a capacity range of 200 to 1200 tons. 

Flanging and pressing operations begin with the 
shearing or flame cutting from plate of a circle, 
ellipse or other required shape. The blank is then 
heated to approximately 1900° for carbon steels; 
a higher temperature being required for alloys. 

Heated circles or blanks for flanged, flanged and 
dished, elliptical and hemispherical heads are placed 
between top and bottom dies of the flanging or spin- 
ning machine, which are shaped to the center con- 
tours of the finished heads. The bottom die is in 
fixed position and is, in effect, an anvil. The top die 
is on a hydraulic ram which travels vertically. 

The circle, gripped between the dies, is rotated 
with the areas of the circle, which are adjacent to 
the periphery, passing between a saddle roller, 
which forms the knuckle radius of the head, and the 
quadrant roller, which presses and draws the circle 
down and against the saddle roller. In the process, 
the steel is mechanically molded to desired contour 
in much the same way a potter hand-molds clay. 
Pressed products are pressed between male and fe- 
male dies, shaped to the contours of the desired fin- 
ished products. 

The shop includes equipment for pickling, heat 
treating, machining, boring and punching spun and 
pressed products. 

Heads requiring circles larger than 152 in. diam 
are made from two pieces of plate, with the adjacent 
edges planed and welded to form one solid plate. 
All such welds are inspected in a 220,000 v Westing- 
house X-ray machine. 

The corporation’s head products are used in every 
conceivable kind of cylindrical vessel. Among the 
most common varieties are the heads which close 
the ends of railroad tank cars and butane cylinders. 
Less common, but of equal importance to industry 
and defense, are the large diameter, heavy gage 
stainless clad, bronze, aluminum and carbon steel 
heads for use in intricate pressure, chemical and 
food processing equipment. 

Pipe Mill 

The Claymont pipe mill was originally con- 
structed in 1948, and enlarged in 1949 and again in 
1950. The facilities include travographs, vacu-blast, 
a 1200-ton Birdsboro single action crimping press, a 
Baldwin Universal pyramid type bending roll, a 
Berkeley continuous welding mill, long seam weld- 
ers, a 300-ton Birdsboro flaring press, a 900-ton 
Baldwin, 3000 psi expander and tester, and end 
facing and girth welding equipment. 

The process consists of torch trimming the edges 
of skelp plate received from the plate mill, and 
cleaning the torch cut edges by vacu-blast. The 
plate is then passed through the crimping press, 
where each of the longitudinal edges are crimped 
to required radius, preparatory to roll bending. The 
crimped plate is then passed through the bending 


Forming of flanged and dished heads is the most complex of 
Claymont operations. Operator is checking outside diameter 
gage of large head. 


rolls, where it is rolled into a cylinder of the re- 
quired diameter. At the Berkeley welding mill, the 
cylinder is clamped in position to receive the outside 
weld, applied as the cylinder moves continuously 
through the mill. The cylinder is then positioned to 
receive the inside seam weld, applied by Lincoln 
long seam welders. Ends of the finished cylinder 
are expanded preparatory to the hydraulic expan- 
sion and testing of the pipe. After testing, 20-ft pipe 
lengths are end faced, and two lengths joined by 
girth weld to form a continuous 40-ft length. Each 
end of the completed 40-ft length is machine fin- 
ished on a Berkeley end facing lathe, usually with 
a land and bevel, to the specifications required for 
field welding. 

Claymont produces pipe for the transmission of 
natural gas under high pressure, from 22 to 36 in. 
OD expanded, and to 42 in. OD unexpanded, and in 
wall thicknesses % to % in., inclusive. Pipe is regu- 
larly furnished to API-5LX42 and 5LX52 specifica- 
tions and to ASTM-A139 grades A and B. Other 
quality and high tensile specification pipe is pro- 
duced on special order. In addition to pipe for gas 
line transmission, Claymont pipe is used for oil lines, 
water lines, dredge lines, structural pedestals and 
similar construction purposes. 


Outside weld is applied in the pipe mill as the cylinder 
moves continuously through the Berkeley welding mill. 
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CF&/ Operations 


Pacific Coast Plants 


by Karl H. Baessler 


HE Pacific Coast div. of Colorado Fuel & Iron 

Corp. operates a wire mill at South San Fran- 
cisco and a diversified weaving plant at Oakland, 
located approximately 25 miles apart. 

Raw rod is received at the South San Francisco 
mill from the main steel works of CF&I at Pueblo. 
Rods are unloaded by a mobile crane operating in 
conjunction with a lift truck, and immediately 
stored at the dock area where they are segregated 
by heat numbers, size, and chemistry. 

Basic wire is stripped from the drawing machines 
in 400 lb coils and is placed directly into stems to 
be transported by truck or rail to the Oakland 
weaving plant. In the case of annealed, galvanized, 
or other specialty wire, appropriate end product 
coils are finished-tied and loaded onto stems for 
transportation to the Oakland plant. Upon arrival 
at the Oakland warehouse, lift trucks manipulate 
the stems into storage for later usage in the weav- 
ing plant. 

South San Francisco Wire Mill 

The South San Francisco wire mill was originally 
designed to furnish all ferrous wire requirements 
for the Oakland plant. Over the past years, how- 
ever, it was found advisable to enlarge these opera- 
tions both in capacity and diversity resulting in a 
wire drawing equipment installation of 22 units. 
These units can utilize the size range of 0.0095 to 
0.3625 in. 

The production coming off this equipment feeds 
in part into the proper processing units or directly 


KARL H. BAESSLER, 
works manager of 
the Pacific Coast 
div., joined CFGI 19 
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Germany, he attend- 
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graduated with a 
B.S. degree. Mr. 
Baessler is a mem- 
ber and past West 
Coast director of the 
Wire Assn. 
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Basic wire is stripped from Morgan wire drawing machines 
in 400-Ib coils and placed directly into stems at South San 
Francisco for shipment to the Oakland weaving plant. 


into the bundling dept. Processing units are those 
pertaining to cleaning, patenting, galvanizing, an- 
nealing, and spooling operations. Supporting units 
are operated to serve the different production 
centers. These units are the maintenance dept., 
testing laboratory, and die room. 

Maintenance Dept.: The functions are to main- 
tain machines, equipment, buildings, and yards. 
These functions are further divided between up- 
keep or on the spot repairs and the orderly planning 
of preventive maintenance. The department does 
not build new equipment. It does, however, install 


new equipment and make minor changes upon 
existing machines. 
The preventive maintenance program is con- 


sidered the key to successful mill operations. Since 
its installation in late 1952, a distinct improvement 
in machine down time and the other delay factors 
has taken place. The program consists of an in- 
spection and check up schedule and a maintenance, 
repairs and replacement schedule divided into daily, 
weekly, monthly, and semi-annual projects; as well 
as a periodic equipment inspection schedule. 

Testing Laboratory: The basic duty of this de- 
partment is quality control along with micro studies 
and chemical analysis. 
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Each heat of rods is tested and classified as it is 
received at the mill. The heats are then put in lots 
for specific commodities and predetermined end use. 

Testing of wire is done as it is being drawn or 
galvanized. Testing at the equipment has reduced 
rejections considerably as the job can be stopped 
immediately if it is running out of the allowable 
physical tolerance, or proper adjustments made to 
meet physical requirements. Testing this way is an 
immediate check on surface and size requirements. 

Present testing method has reduced handling as 
well as speeding up the bundling. The wire is taken 
directly from the producing equipment to the bund- 
ling dept., properly tagged to show that it has met 
physical size and surface requirements and can be 
tied without any interruption for gaging or testing. 

Die Room: The mill uses tungsten carbide dies 
exclusively which are serviced in the die room. To 
get full utilization of the dies at the lowest possible 
cost, stress has been placed on capable supervision 
and the development of teamwork between this 
department and the mill proper. 

The die room is equipped with standard equip- 
ment comprised of rippers, piercing machine, bench 
lathe, polishing and sizing lathes, flexible and hand 
grinders, and hand and abrasive accessories. 

Producing Units: Capacity of design was based 
on a sales forecast, and any forecast at its best can- 
not be realized to its fullest extent. Hence, having 
established tonnage requirements by size of wire 
and type, wire drawing equipment capacity needed 
was established. To retain full operation for this 
wire drawing equipment, supplementary production 
centers were slightly over-designed in capacity to 
meet this change. 


Oakland Plant 


The development of products in Oakland restricts 
itself to the production of woven wire fabrics. 
Because of its many years of experience in the art 
of weaving, a diversification of types and kinds of 
cloth has been accomplished. Wire sizes used in the 
manufacturing of cloth range from 1 to 0.0045 in. 
diam. Corresponding mesh openings can be con- 
structed in proper relation to wire size from 10 in. 
openings to as small an opening as 0.012 in. In ad- 
dition to these interrelated physical combinations 
must be added the different types of metals of which 
screens are woven such as brass, copper, bronze, 
aluminum, stainless steel, and carbon steel, and 
surface condition requirements such as soft, medi- 
um, or hard types of wire to meet necessary job 
requirements. Past experience has shown that some 
780 combinations of screen products have been 
covered and consistent effort is exerted to meet any 
type of new design as required by industry. 

Diversification in tooling and weaving equipment 
is most important. The problem is first approached 
by dividing cloth production into two basic types. 
The first group is identified by the requirement of 
a looped selvage construction. Looped selvage is 
that type obtained by inter-weaving a continuous 
fill wire into the warp wire of the prospective cloth 
and requires the usage of shuttle type looms. The 
shuttle carries the fill wire through the warp shed 
from side to side of the warp width thus weaving 
the cloth pattern. The shuttle looms are of two basic 
designs. In one loom the shuttle makes its travel 
from side to side in a positive mechanical arrange- 
ment by means of shuttle bars. In the other type the 


Vaughn wire drawing machines are among the units which 
can utilize the size range of 0.0095 to 0.3625 in. 


shuttle is catapulted from side to side by means of 
a fast acting kicker bar. 

At Oakland, the flying shuttle type is preferred 
for cloth over 60 in. wide as well as on fine mesh 
constructions of 30 mesh per in. and finer. Here the 
speed characteristics between the two looms as well 
as the tension problems of the fill wire between that 
of a rotating and stationary bobbin within the 
shuttle lean in favor of the flying shuttle type loom. 
For all other mesh and wire size ranges of the type 
of cloth under discussion, the bar loom is preferred. 

The second group of looms is that applicable to 
open selvage design. In this type of selvage con- 
struction, the fill wire is not continuous but is self- 
contained within its own length equal to the width 


The flying shuttle loom is preferred for cloth over 60 in. 
wide as well as for fine mesh construction of 30 mesh per 
in. or finer. 
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The bar loom is used for coarser mesh. In this type of loom 
the shuttle is catapulted from side to side by means of a 
fast acting kicker bar. 


of the cloth. Here the problem is one of feeding a fill 
wire in between the warp shed by means of proper 
guide bars and pusher roller devices. This perform- 
ance is repeated on each stroke of the striker of the 
loom. 

Tool design in the weaving of wire cloth does 
not, however, terminate with the choice of looms. 
Thought must also be given to the construction of 
wire cloth in its relationship between mesh or 
space and wire size to be used. This relationship is 
best expressed by the mathematical relationship 
known as the effective area of wire cloth. It is a 
ratio expression of the area of the opening of a 
mesh to the area as expressed by the center lines of 
the wire making up this same mesh. Hence, a low 
effective area is one where the wire occupies the 


In cloth of open selvage construction the fill wire is not 
continuous but is self contained within its own length equal 
to the width of the cloth. 
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greater part of a mesh area, and a high effective 
area is one where the wire represents the lesser part 
of the total mesh area. The percentages of effective 
area thus range roughly from as low as 20 pct to as 
high as 85 pet. 

For wire cloth made up of tensile strength, say up 
to 90,000 psi and having an effective area range from 
30 to 85 pct, one can consider the tooling problem an 
easy one pertaining mostly to shuttle bar and flying 
shuttle type looms. Where effective areas fall below 
30 pct and still use the low tensile range wires, it 
is in most cases desirable to pre-form the fill wire. 
In the low carbon range certain qualifications must 
be made as the higher effective areas are ap- 
proached. As the effective areas of cloth pass the 
65 pct mark, ordinary weaving of wire cloth made 
in equipment outlined results in instability of the 
cloth and thus becomes sleazy. Hence, cloth thus 
made, in general, goes through further processing of 
galvanizing to obtain final rigidity. Cloth that can- 
not thus be stabilized by some sort of binding media 
must undergo a different design from the common 
weaving pattern known as extra-crimp type cloth. 
In this type of cloth, the wires are pre-formed or 
pre-crimped in both directions of the warp and the 
fill and thus rigidity is obtained through the inter- 
locking of the wires at the crimp. Here additional 
tooling requirements take place in the form of 
properly designed crimp wheels. A great variety of 
these wheels is required to satisfy the many size 
ranges in this effective area range. Tooling re- 
quirements of high carbon, high tensile wire require 
crimp wheels capable of pre-crimping the total 
wire range not only of the simpler types of crimped 
forms but also other types of special shapes. 

This well understood design pattern at the Oak- 
land plant has resulted in equipment economy. 
Overlapping capacity ranges of looms keep most of 
the equipment operating at full utilization. Peak re- 
quirements of specialty work are quickly overcome. 
Fluctuations in production requirements due to 
changes in market conditions are overcome by 
proper stock control. Hence it can be said that all 
plant equipment necessary to satisfy the many 
diversified products is operating on a fully assigned 
work basis throughout the year resulting in a con- 
tinuously employed labor force and economy of 
operation. 

The support and designing of most of this equip- 
ment is accomplished through the efforts of an 
engineering dept. coupled with a fully equipped 
machine shop that not only maintains existing pro- 
duction units but in many cases is building newly 
designed machines. 

The products produced by the two units are: 
Rope wire, spring wire, galvanized wire, specialty 
wire, merchant wire, baler wire, bale tie wire, 
mechanics wire, Cal-tie wire, straightened and cut 
wire, chain link fence fabric, hardware cloth, fer- 
rous and nonferrous wire cloth, industrial screen 
cloth, brake lining cloth, specialty cloth, galvan- 
ized-after netting, and fish trap netting. In addition, 
warehouses carry many of the manufactured items 
produced by the corporation’s plant at Pueblo, and 
by its Eastern plants in the Wickwire Spencer Steel 
div. The rapid development and expansion of the 
Pacific Coast, and adjoining market areas, has 
provided new market opportunities for CF&I’s di- 
versified product lines. 
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CF&1 Subsidiaries 


MERICAN Wire Fabrics Co. was founded in 
1912 by a combination of American Wire Cloth 
Co., Clinton, Iowa; National Wire Cloth Co., Niles, 
Mich.; and Pennsylvania Wire Cloth Co. of Mt. 
Wolf, for manufacturing insect screen cloth and in- 
dustrial wire cloth. The Mt. Wolf plant was built 
in 1914, and frequent additions to the weaving 
equipment and warehousing facilities have brought 
this plant to its present capacity and position in the 
industry. 

In 1922, American Wire Fabrics Co. was re- 
organized and became American Wire Fabrics Corp. 
Properties at that time also included New Freedom 
Wire Cloth Co. established in 1900, and Glen Rock 
Wire Cloth Co. These properties and assets were 
purchased in 1922 by Wickwire Spencer Steel Co. 

During World War II, almost the entire output of 
the plant was for the armed services. Large quan- 
tities of American and Clinton brand screen cloth 
are used in the South Pacific. Distribution is nation- 
al through sales offices in key cities through North 
and South America. 

The equipment of this plant consists of 524 wire 
weaving looms, ranging in size to weave 24 to 72 
in. cloth. The majority of these looms weave steel 
wire while, on the average, 125 looms are weaving 
aluminum cloth and 100 looms are producing 
bronze wire cloth. An average of 50 looms are 
engaged in weaving industrial cloth, including a 
variety of meshes required for separating various 
size seeds used in fanning mill operations. 

The plant is equipped with one of the largest 
units for electrogalvanizing in the industry. This 
equipment comprises six large tanks used for gal- 
vanizing insect screen cloth woven from steel wire. 
The paint finishing dept. consists of ten large vats 
through which cloth of various widths is passed, 
receiving the proper paint or lacquer finish. The 
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American Wire Fabrics Corp. 


by B. L. Weaver 


This line of looms is only one of a dozen similar layouts in 
the plant. Altogether, there are 524 wire weaving looms in 
operation, most weaving steel wire. 


finish is immediately baked on the wire at a tem- 
perature of 275°F. 

The four weaving depts. have the looms supplied 
with the necessary bobbins by an overhead con- 
tinuously operated bobbin conveyor. The mill has a 
capacity of between 14 and 15 million sq ft per 
month of all grades of wire; steel, aluminum, 
bronze, copper, nickel, and Monel. 


Three galvanizing tanks can be seen from this end of the 
galvanizing dept. Total number of tank; in operation is six. 
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CF&!1 Subsidiaries 


that led to the introduction of the first wire rope in 
the United States, in 1841. Success of wire rope and 
its use in suspension bridge construction, made pos- 
sible the first successful railway bridge which 


Jina A. ROEBLING started development work 


spanned the Niagara River gorge. 
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John A. Roebling’s Sons Corp. 


by A. Neroni 


The Roebling Corp.'s 
open hearth and steel 
wire mills divs. are 
located in Roebling, 
N.J. The corporation 
was founded in 1876 
and was acquired by 
CF&l on Dec. 31,1952. 


Brooklyn Bridge, considered by many to be the 
most esthetically satisfactory of all great bridges, 
was opened in 1883. The building of the bridge was 
completed by Washington Roebling following the 


untimely death of his father. Two other bridges 
with longer single spans, the George Washington 
and the Golden Gate, are also suspended from 
Roebling cables. 

Roebling began the manufacture of lightning rods 
in the late 1860’s, by which time it had already been 
established as a supplier of telegraph and telephone 
wire. Interest in the electrical field gained strength 
at Roebling with the advent of the transformer, and 
separate facilities for making copper wire insulation 
were installed. Today, Roebling is one of the leaders 
in the electric wire and cable field, making types for 
every transmission, distribution, and service need. 

Roebling’s wire and cold rolled div. provides 
products employed in manufacture of goods that 
range from typewriters to mattresses, from jewelry 
to tires, from measuring tapes to mechanical pen- 
cils. These products, together with wire rope and 
strand, electrical wire and cable, and many other 
products, have helped to make possible the modern 
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skyscraper and done much to change the complexion 
of our civilization. 


Open Hearth and Hot Mills 

The open hearth at Roebling, N. J., is a cold metal 
shop with nine furnaces: Five acid (four, 45 tons 
and one, 80 tons) and four basic (45 tons). The 
open hearth shop has a rated capacity of 235,000 
net tons per year. 

The steels produced range in carbon from 0.05 to 
1.25 pct, in manganese from 0.15 to 1.20 pct, in 
silicon from 0.02 to 0.35 pct, in sulphur from 0.025 
to 0.150 pet, and in phosphorus from 0.025 to 0.045 
pet. Residual alloy content, particularly in acid 
steels, must be very low. 

Approximately 85 pct of the ingot production is 
in high carbon grades, and approximately 15 pct is 
in low carbon grades. Approximately 65 pct of the 
ingot production is in acid open hearth steel, and 
about 80 pct of the acid steel is produced in carbon 
ranges in excess of 0.60 pct. The quality of the high 
carbon steel must be such that each heat is capable 
of being drawn to wire as small as 0.005 in. diam. 
Ingot mold size and pouring practice are designed 
to minimize segregation during solidification. 

In acid open hearth practice economics and avail- 
ability of raw- materials together with steel specifi- 
cations determine the ratio of low phosphorus pig 
iron and premium quality low phosphorus scrap to 
be used in the charge. In basic open hearth practice 
the initial charge consists of basic pig iron, cast iron, 
scrap, and limestone or burnt lime. The use of basic 
pig iron or cast iron is determined by the grade of 
steel to be produced. Under some conditions charge 
carbon may be used in either acid or basic practice. 

Open hearth charges are loaded into pan cars at 
the scrap yard for delivery to the open hearth floor. 
A charging machine deposits the contents of the 
laden pans into the furnaces. In acid practice, pig 
iron is charged first; in basic practice, the scrap is 
charged first. 

Furnaces are fired with Bunker C oil with dry 
steam used as an atomizer. During the molten 
period, carbon and sulphur analyses are made by 
the chemical laboratory. With the meltdown carbon 
content known and the heat at the proper tempera- 
ture, iron ore is added to reduce the carbon content. 
Carbon test samples are taken periodically through- 
out the working of the heat. Preliminary phos- 
phorus and manganese tests are made. When the 
heat of steel has been refined to the desired degree, 
deoxidizers are added and the furnace is ready to be 
tapped. The tap hole is opened either by driving a 
bar through into the molten bath of steel or by 
lancing the tap hole with oxygen, and the molten 
steel flows into a bricklined ladle that holds 45 net 
tons. Necessary alloying elements and deoxidizers 
may be added to meet the required analysis. 

The filled ladle, suspended on a crane, is moved 
from the furnace to a set of molds (on cars) at a 
pouring platform. The molten steel is held in the 
ladle until the steel is at the correct temperature for 
pouring. Big-end-up cast iron molds, 15x15x60 in., 
are used for all killed steels and the molds are 
topped with C & D hot tops. Big-end-up cast iron 
molds, 15x15x72 in., are used for all rimming qual- 
ity steels. The ingots weigh about 2850 lb and are 
slightly corrugated to prevent cracks from contrac- 
tion during solidification. After cooling for 1 hr, the 
hot tops are lifted off and placed on racks to be pre- 


Steel produced in the open hearth is teemed into molds. 
Each ingot weighs about 2850 Ib. 


pared for the next heat. The ingots are lifted out of 
the molds by a stripping crane. 

Blooming Mill: The blooming mill rolls reheated 
ingots into billets for further hot reduction into rods 
in the rod mills. Approximately 90 pct of the ingot 
is rolled to 2x2 in. billets and approximately 10 pct 
is rolled to 3 13/16x3 13/16 in. billets. 

Ingots, loaded on ingot cars, are delivered to the 
entrance of each of four horizontal preheating fur- 
naces where the ingots are pushed through the 
length of the furnace. The furnaces are fired by 
fixed fuel-air ratio burners using Bunker C fuel oil. 
Upon leaving the preheaters at a temperature of 
about 1700°F, the preheated ingots are placed in one 
of eight soaking pits, each of which will hold 10 to 
12 ingots. Bunker C fuel oil is fired using fixed fuel- 
air ratio burners. The ingots, depending upon anal- 
ysis, are heated to 2100° to 2300°F. The heated in- 
gots are removed from the soaking pits and placed 
by crane on the approach table to the rolling mill. 

The ingot enters the 35-in., 3-high fixed pass roll- 
ing mill. The rolls have a 106-in. roll body and 
each roll weighs about 36,000 Ib. The mill is driven 
by a 5000 hp Corliss compound engine with a 90- 
ton flywheel and powered by exhaust steam at 160 
lb. The mill has 15 passes and a small amount of 
bloom is finished in the 15th pass. Most of the ton- 
nage is out of the 13th pass at 4 3/16x4 3/16 in. for 
further reduction to 2x2 billets. The bloom from 
the 35-in. mill is cropped on up-and-down shears 
to eliminate pipe, segregation, and bad ends. 

The 15th pass bloom is transferred to another line 
where the bloom is sheared to billets of specified 
length. The 13th pass bloom is carried in a straight 
line from crop shears on roller tables to the 18-in. 
Morgan mill which converts each to 2x2 in. billets. 

The 18 in. Morgan billet mill consists of 4 stands 
of 2-high rolls and has a capacity of 80 tons per hr. 
The 2x2 in. section is cut into six lengths of 30-ft 
billet by flying shears. The weight of each billet is 
approximately 390 lb and the yield of prime billets 
from the ingot is approximately 80 pct. Billets are 
run onto a cooling bed for initial inspection and 
those requiring surface preparation are removed. 

All billet surface preparation is done by scarfing. 
Spot scarfing of low carbon billets can be performed 
at any temperature, but spot scarfing of high carbon 
steel must be completed before the temperature of 
the billet falls below approximately 300°F. The 
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Ingots are rolled in a 35-in., 3-high fixed pass blooming 
mill. The blooms are further reduced to 2x2-in. billets. 


scarfed billets are inspected again prior to returning 
to the billets which did not require scarfing. 
Morgan Continuous High Speed Rod Mill: No. 1 
rod mill is a three strand, continuous, high speed 
mill with an annual capacity of about 200,000 tons 
when rolling rods of 0.218 in. diam and larger. 

A 30-ft, 2x2 in. billet is hot rolled to 0.187 to 
0.375 in. rod. Flat rods are rolled in widths up to 
% in. Larger round rods and wider flat rods must 
be rolled in the hand looping rod mill. 

A scheduled heat of 2x2 in. billets is transferred 
by an overhead crane from the billet yard to a set 
of billet skids from which the billets are loaded 
singly to a series of driven rollers which convey 
the billet to the entrance end of the heating furnace. 

The furnace entrance is at the side of the furnace 
at the back or cold end. The hearth, which is slightly 
wider than 30 ft and holds 140 billets, slopes down- 
ward toward the front or exit end of the furnace. 
The furnace is fired by 15 low pressure oil:air 
burners. Cold billets are pushed slowly down the 
hearth toward the burner end of the furnace. The 
heated billet is delivered to the mill by being pushed 
through a side door exit by a pusher bar. Heating 
capacity is about 35 tons per hr. 

The distance from the delivery door of the fur- 
nace or entering stand of the rolling mill to the 
take-up reels for finished rods is 180 ft. If all 20 
passes of the mill are being used in the rolling of a 
rod, approximately 40 pct of the 30-ft billet is still 
in the heating furnace when the rod is starting in 
the coiler at the end of the finishing pass. 

The Morgan continuous rod mill consists of four 
rolling units and the speed of travel exiting from 
each unit, if all 20 passes are being used, is shown 
in Table I. 

In the roughing mill, first intermediate mill, and 
finishing intermediate mill, the three or two strands 
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are rolled simultaneously on the same roll faces. As 
the strands emerge from the finishing intermediate 
mill, one of the strands is fed to one finishing mill 
and the other two strands are fed to the second 
finishing mill. The finished rod must be continu- 
ously coiled as it is delivered from the final rolling 
pass. Since billets follow each other almost continu- 
ously through the mill, two laying reels are re- 
quired for each finishing pass in use. The filled reels 
automatically stop, the reel platform rises, and the 
coil of rods is transferred to a rod cooling conveyor. 
The reel platform drops to its original position and 
the reel must be revolving at proper speed by the 
time the other reel is filled with rod product of the 
subsequent billet in that strand position. 

The finished coil of rod travels on a conveyor 
through a covered enclosure in which the rod is 
permitted to cool. Cooling is effected by means of 
water boxes on top of the enclosure and by large 
exhaust fans which take the heat away. This con- 
trolled cooling helps minimize scale. 

At the end of the cooling enclosure, the coils of 
rod receive bundling tie wires, identification tags, 
and are loaded into holding cradles. When the 
cradles are filled, an overhead crane transfers the 
rod coils to railway cars for shipment to the trade, 
to the proper mills, or to storage until required. 


Table |—Morgan Continuous Rod Mill Exiting Speeds 


Roughing mill 


8 stands 457 fpm 
First intermediate mill 4 stands 1214 fpm 
Finishing intermediate mill 2 stands 1714 fpm 
Two finishing mills 6 stands 4085 fpm 


Hand-Looping Rod Mill — Garrett Type: Round 
steel rods larger than % in. diam and flat steel rods 
wider than % in. are rolled in No. 2 rod mill from 
a reheated 3 3/16x3 3/16 in. billet. Since rod rolling 
is done at a considerably lower speed than in No. 1 
rod mill, coil weights of rod will be lighter and will 
vary from 165 to 335 lb, depending upon the size 
and shape of rod being rolled. 

Copper wire bars weighing 250 to 265 lb are 
rolled to flat rod and round rod in sizes %4 in. diam 
and larger. Commercial bronze and red brasses are 
also rolled to round rods 9/32 in. diam and larger. 
Different rolls and channels are used for nonferrous 
metals than for steel rods. 

Steel billet and copper bars are heated in a rec- 
tangular furnace wherein cold material enters the 
back end of the furnace from cars and is pushed 
through the furnace toward the hot end. The heated 
material is pushed over the end of the hearth or 
skid bars and descends on an apron plate to a series 
of conveying rolls which delivers it to the rolling 
mill. The furnace is fired by a series of low pres- 
sure fixed fuel: air ratio oil burners. 

The conveyor rolls deliver the heated billet or 
wire bar to an 18-in., three-high, fixed pass rough- 
ing mill for initial hot rolling. The sequence of 
passes is usually a square to an oval, to a square, to 
an oval, and as many as eight passes may be used 
in the roughing mill. 

Six stands of two-high passes exist between the 
roughing mill and six stands of finishing mills. The 
six finishing mills are side by side rather than in 
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line as in a continuous rolling mill. Thus, the strands 
being rolled in the finishing stands must have their 
travel direction reversed for passage through the 
subsequent rolling stand. This reversal of direction 
may be accomplished manually or, at certain stages, 
automatically by a repeater. In manual reversing of 
direction, a man with a pair of tongs grabs the 
starting end as it appears on the delivery side of the 
pass, flips the end of the rod 180° and sticks it in the 
guides of the subsequent rolling pass. A long loop 
runs down the slope and this loop permits the sub- 
sequent pass to accept the hot metal at the rate re- 
quired. During reversal of direction, the material 
is turned 90° by the man handling the tongs and 
thus the roll shape is turned up without the assis- 
tance of mechanical twist guides such as are neces- 
sary in a continuous mill. In a hand mill, guide 
scrapes on the rods can be eliminated fairly well. 
Automatic reversal between stands is done by a 
repeater, which is a curved channel that accepts the 
rolled shape from one pair of rolls and guides it 
around a semicircular channel into the guides of the 
subsequent set of rolls. 

The coiling of round rod or narrow flats is simi- 
lar to the coiling of rod on No. 1 rod mill. The coils 
are conveyed to a cradle and are loaded to railway 
cars for shipment to the steel wire mills, copper wire 
mill, cold rolled products div., or to the trade. The 
wide, flat hot roll is fed to a long moving conveyor 
where it folds on edge much like Christmas ribbon 
candy. The conveyor moves the ribbons of strip to 
a tape coi! winder where it is ribbon wound or tape 
wound for shipment to the cold rolled products div. 


Steel Wire Mills Div. 


The steel wire mills div. at Roebling, N. J. is cap- 
able of processing approx 3000 tons of rod into wire 
per week. Rope, bridge, shaft, hose, tire bead, core, 
spring, valve spring, and music wires are only some 
of the types produced. Although fundamentally a 
high carbon wire mill, the mill processes rod rang- 
ing from 0.05 to 1.20 pet C. Rods ranging from 
0.437 to 0.187 in. diam are drawn into wire ranging 
from 0.375 to 0.003 in. diam. This diversity of 
products necessitates considerable flexibility of 
equipment and scheduling for strict adherence to 
manufacturing practices as designed by the metal- 
lurgical engineers. 

Rods are received from the rod mills in gondola 
cars which are spotted in the storage area of the 
patenting shop. The rods are unloaded with hair- 
pin hooks suspended from a bridge crane and stored. 
Ram tractors distribute rods from this area to suc- 
ceeding operations. 

Heat Treating: The types of heat treatment nec- 
essary to the proper operation of the wire mills 
consist of patenting, oil tempering, and annealing. 

Patenting is conducted as a continuous strand 
process and consists of heating the material to a 
predetermined temperature above the critical tem- 
perature, followed by cooling through the critical 
range at a rapid rate. The rods or wires are heated 
in a muffle-type furnace and then quenched in air 
or in molten lead. Patenting develops a structure 
in the steel that is uniform and tough and possesses 
good wire drawing properties. 

The seven rod patenting furnaces are oil fired. 
Five are equipped with lead quench pans, thus per- 
mitting either air or lead patenting. Employees 


Pin loads of rods are carried through the cleaning opera- 
tions by a Gantry-type crane. 


load rod coils on special double deck swifts with the 
aid of overhead electric hoists. Design of these 
swifts permits the upper half to remain stationary 
for loading while the lower half is rotating to pay 
off into the furnace. The patented rods are stripped 
from the take-up blocks by the operator with the 
aid of an electric hoist and placed in a temporary 
storage area to be transported to the cleaning house. 

The six muffle-type wire patenting furnaces are 
either gas or oil fired and are equipped with lead 
quench pans. Most wire is lead patented because 
the lead quench gives greater control of quenching, 
which results in a more uniform product for wire 
drawing. The operation of the wire patenting fur- 
naces is basically the same as for rod patenting, ex- 
cept that wire is handled manually rather than with 
hoists. One rig has been equipped with mechanical 
handling equipment and has also been supplied with 
1000 lb pay-off bases. The balance of the rigs will 
be replaced by continuous wire patenting, cleaning, 
and coating rigs. 

Oil tempered wire is furnished to provide a high 
elastic limit: tensile strength ratio material, used to 
manufacture parts that will not be hardened after 
forming. In continuous strand hardening and tem- 
pering, the wire is successively heated to a predeter- 
mined hardening temperature, quenched immedi- 
ately into oil, and tempered in molten lead. Con- 
trolled variables permit tempering to many ranges 
of mechanical properties. The four oil tempering 
furnaces are either electric or gas fired. 

Annealing is a thermal treatment wherein the 

microstructure of the wire is altered with a result- 
ant lowering of hardness. Wire is annealed in oil 
fired pot annealers, Lee Wilson gas fired controlled 
atmosphere annealers, and Westinghouse electric 
annealers. 
Cleaning: The first operation for all low carbon rods 
and a small percentage of high carbon rods is clean- 
ing. Most of the high carbon rods are patented prior 
to cleaning. Wire is cleaned after any heat treating 
operation when subsequent drawing is required. 

Raw rods and patented rods or wire are trans- 
ported by ram truck to the starting end of the 
straight line cleaning operation. The load is weighed 
and then placed on pins for cleaning. 

A pin load is picked up with a Gantry-type crane 
and transported through the operations required. 
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Wet continuous Vaughn machines are a part of the fine 
wire drawing equipment. Wire is drawn to either coils 
or spools. 


Two cranes service this line consisting of steel acid 
tanks (rubber covered and rubber lined with acid- 
proof brick laid in Basolite to prevent abrasion of 
rubber linings), rinse tanks and racks, coating 
tanks for application of borax or lime coatings, and 
oil fired flash bakers to dry coated rods or wire. 

Normally, cleaning is accomplished by immersion 
in hot dilute sulphuric acid, but in special cases 
hydrochloric acid is used. The acid in the tanks is 
heated by live steam and the temperature and con- 
centration of the solution must be controlled within 
certain limits to attain proper results. 

Upon completion of the cycle of cleaning, coating, 

and drying, the pin loads of rods or wire are de- 
posited at the finish end of the line by crane. Ram 
trucks transport the material to the wire drawing 
machines for further processing. 
Wire Drawing: The focal point of the division is the 
wire drawing operation. The operation is broken 
down by size into three distinct processes—coarse, 
intermediate, and fine wire drawing. All coarse 
wire equipment is housed in one building while the 
intermediate and fine wire equipment is located in 
another building. 

The large diameter rods and rods to be used for 
music wire are ripped on single holing bench blocks. 


Patenting, cleaning, and coating are accomplished in a 
continuous operation. 
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The regular No. 5 or No. 6 rods are ripped on con- 
tinuous wire drawing machines with drafting limi- 
tations varying from two to seven holes. The type 
of equipment used in processing rods depends upon 
the finish, size, and the ultimate use of the wire. 

The intermediate machines process wire that has 
been ripped on the rod machines. The finished size 
range for these machines is 0.020 to 0.059 in., and 
this wire can be used as a finished product or as a 
process item for further heat treating and drawing. 

The fine wire equipment consists of both dry and 
wet continuous wire drawing machines with draft 
reduction varying from 6 to 14 holes. Wire is drawn 
to either coils or spools and may receive any one of 
a variety of coatings, such as copper, straw, etc., in 
accord with customer demands. 

The wire drawn on the rod machines may follow 
a number of courses after the original breakdown. 
It may be a large diameter wire ready for shipment, 
it may be galvanized prior to shipment, or it may be 
patented and receive further drawing. 


Galvanized wire is processed over a testing and strapping 
conveyor line. 


After the wire is patented, cleaned, and coated for 
further drawing, it is placed in temporary storage in 
the pay-off areas of the various intermediate wire 
drawing machines. After intermediate wire draw- 
ing, there is again a choice of practices to be fol- 
lowed, depending upon the ultimate intended use 
of the finished wire. The wire may be ready for 
shipment, it may need additional heat treating prior 
to shipment, or it may need additional patenting 
prior to further reduction by cold working. 

In each of the two wire mills, facilities and em- 
ployees are engaged in the making, shaping, and 
polishing of round and shaped tungsten carbide dies 
to supply the demands of the mill concerned. Each 
of the mills is equipped with power strapping 
machines and paper wrapping machines to facili- 
tate the packaging of the finished product. 

There are a few operations connected with, but 
not necessarily a part of, drawing wire into the 
finer sizes. They consist of wire patenting, clean- 
ing, coating, spooling, and reeling. 

There is a rig in operation that patents, cleans, 
and coats continuously 0.080 to 0.148 in. wire. The 
wire is pulled through a patenting furnace, followed 
by a lead quench pan, acid water rinse and coating 
facilities, then onto individually controlled take-up 
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blocks. Batch type cleaning will continue to be used 
until a sufficient number of continuous units has 
been installed to handle production requirements. 

To facilitate the production of a high quality cop- 
per plated wire, a new unit has been installed that 
incorporates the processes of heat treating, cleaning, 
plating, coating, straightening, and reeling into one 
continuous operation. At this rig 500 to 1000 lb reels 
of wire are processed through a lead furnace to re- 
lieve stress, through acid tubs, water rinses, a 
plating bath, a dryer, and a coating tank, then 
through straighteners and on to the finished reel. 
All operations incorporated in this rig are currently 
being carried on separately, but will be eliminated 
shortly in the interests of economy and better con- 
trol over the quality of the finished product. 
Galvanizing: There are four furnaces employed in 
coating wire with zinc. These rigs process a double 
galvanize hot dip charcoal wiped product that is 
ready either for shipment or for further drawing as 
a coated wire. 

Coils of wire are placed on swifts and hand 
spliced to preceding coil to maintain continuous 
operation. Wire is pulled through lead annealing, 
hydrochloric acid baths, water rinses, flux solution, 
molten zinc, charcoal wipers, and over a cooling 
tower onto horizontal take-up blocks. 

The galvanized wire ready for shipment is proc- 
essed over a testing and strapping conveyor line. 
This line consists of equipment for performing ten- 
sile and wrap tests, scales for accurate weighing of 
coils and an automatic power strapping machine. 
Shipping: There is a shipping area located in the 
vicinity of each of the major finishing operations. 
Wherever practical, material is loaded on pallets or 
specially designed skids that permit the loading 
of trailers or railroad cars with a fork tractor. In 
the case of wire coils that do not lend themselves to 
palletizing, a ram tractor is used for all movements. 

Wire that must be oiled before shipment is placed 
in special baskets or skids after bundling. These 
baskets are picked up with an overhead crane, 
carried to the oil tank, dipped, and placed on a rack 
to permit excess oil to drain back into the tank. 

Shipments made to other divisions within the 
company are loaded on special storage handling 
racks that are transported via company owned 
trailers. The racks are returned when they are emp- 
tied by the consuming divisions. 


Cold Rolled Products Div. 


Specialization and diversity of application are 
the trends in the steel industry, and the cold rolled 
products div. at Trenton, N. J., fits directly into this 
trend, with each item of production designed for a 
specific use and with new uses developing constantly. 

Products of the division can be broadly divided 
into low carbon steel flat wire, carbon spring steel 
flat wire, flat cold rolled carbon spring steel, strip, 
and shaped wires. 

Flat wire is a cold rolled product rectangular in 
shape with a maximum width of % in. and a thick- 
ness of less than % in. Low carbon flat wire is 
supplied in carbon contents up to approx 0.25 pct, 
and spring steel flat wire in carbon contents ranging 
from 0.26 to 1.35 pet. Flat cold rolled carbon spring 
steel differs only from carbon spring steel flat wire 
in that the width ranges from greater than \% in. to 
23 15/16 in. Because of the higher carbon content, 
spring steel can be furnished in the hardened and 
tempered condition as well as in the cold rolled 


Steckel mills differ from conventional 4-high mills in that 
the material is pulled through the mili by the power 
applied to the pull out reels. 


condition and the annealed condition in which low 
carbon flats are supplied. 

Piston rings, expander rings, door lock springs, 
wood and metal band saws are some of the products 
for which flat wire is produced. Lock washers, shock 
absorber valves, and rifle clips represent a few 
products produced from flat cold rolled carbon 
spring steel. Speedometer casing is produced from 
triangular and D-shaped wires. Most of the flats 
or shaped wires are produced to specific end use 
properties and many products are specified only by 
a descriptive name and dimensions. 

The variables in specifying a cold rolled flat 
product are width, thickness, tolerances for width 
and thickness, type of finish, type of edge, mechani- 
cal properties, metallurgical properties, and chem- 
istry. Except for large tonnage of single size items, 
such as flat wire for flexible conduit, stocking of 
finished material is impossible. Thickness may 
range from 0.0015 to 0.2499 in.; width from 0.040 to 
8% in. Any combination of width and thickness 
may be ordered in any chemistry. 

Pickling, or cleaning, is the removal of scale 
(oxide) from hot roiled flat rods, round rods, and 


Flat steel is softened through thermal treatment in these 
bell-annealing furnaces. In the foreground are the gas- 
fired radiant tube furnaces and in the background the 
electrically fired furnaces. 
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strip by immersion in an acid bath followed by an 
alkaline bath to neutralize any remaining acid and 
protect the surface from corrosion prior to cold 
rolling. All phases of the pickling operation must be 
carefully controlled; the strength of the acid, the 
bath temperature and time, and iron content. 

Rolling is the passing of specially prepared wire, 
hot rolled rod, or flat steel between a pair of work 
rolls to produce a predetermined amount of flatten- 
ing and reduction in thickness. 

Where the relationship of width to thickness is 
low, 0.0435x0.0245 in., 0.075x0.045 in., 0.375x0.0625 
in., ete., the finished product is generally produced 
from either a round wire or flat rod. This type of 
material is rolled on a two-high, single stand, 
straight-away mill with one to as many as ten roll- 
ing passes. 

Where the relationship of width to thickness is 
high, 0.093x0.006 in., 0.375x0.008 in., ete., the flat 
steel is generally produced from hot rolled strip in 
multiple widths and slit at finished thickness. It may 
be rolled on three-high mills, four-high straight- 
away mills, or four-high reversing mills. 

Because of the demand of high quality at low cost, 
sizes in the ranges mentioned are generally pro- 
duced on either of two 4-high single stand, Steckel 
reversing mills; one used generally as a breakdown 
mill employing a 300 hp variable speed motor and 
the other equipped with a 200 hp variable speed 
motor and usually used as a finishing mill. These 
mills are equipped with 3-in. diam work rolls and 
20-in. supporting or back-up rolls. Steckel mills 
are unorthodox in that material is pulled through 
the mill by the power applied to the pull-out reels 
instead of having the power applied to the work 
rolls as is the case of the conventional 4-high mill. 
Flat steel is produced on these mills from hot rolled 
strip approx 8 in. wide x approx 0.125 in. thick and 
is cold rolled to as thin as 0.0015 in. in rolling passes 
ranging from three to as many as 30. Material for 
certain endpoint applications is produced on these 
mills to a total thickness tolerance of 0.0002 in. 
Speeds in excess of 2500 fpm can be attained. 

Four types of annealing equipment are available: 
Seven electric bell furnaces, one electric box (rec- 
tangular) furnace, five gas fired radiant tube fur- 
naces, and two gas fired radiant tube convector fur- 


Flat steel passes through a series of rotary knives or 
cutters and is sheared into various widths. The takeup 
block is in the foreground. 
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naces. Because of the various types of coils or 
bundles and the economic application of furnaces, 
the charge weight or load may range from approx 
2500 to 30,000 lb. Annealing cycles vary from eight 
to approx 80 hr. 

During annealing the product is protected from 
scaling and decarburization by the use of a con- 
trolled protective atmosphere which envelops the 
charge in an inner chamber or gas hood to prevent 
the influx of air or products of combustion. 

Slitting is the passing of flat steel through a series 
of rotary knives or cutters mounted one above the 
other. The material is slit into widths controlled by 
cutter knives and their clearances, and the edge 
produced is approximately square and accompanied 
by a varying amount of burr depending upon the 
setup. Utmost care must be exercised in setting up 
a slitter as to proper clearances, sharpness of cut- 
ters, fingers that support the material against the 
cutters, etc., to hold the burr to a minimum. 

Hardening and tempering is a thermal treatment 
designed to produce high hardness, high tensile 
strength, and high elastic properties in flat steel. 
Oil hardening, lead hardening, and quench block 
hardening methods are used. 

Within the classification of hardened and tem- 
pered material, surface finish of certain end use 
products, such as flapper valves, tape line, and steel 
rule, is of maximum importance. Surface finish of 
the hardened and tempered material can be im- 
proved by a polishing operation. 

Certain customer demands may require metallic 
coating such as tin, zinc, or a mixture of tin and 
zinc. Coated materials are produced at the Lalor 
St. plant of the cold rolled products div. 

More than 95 pct of the flat steel produced is 
shipped to outside customers. There is, however, a 
department known as the specialties dept. that turns 
out such finished products as golf bag rings and 
stays, S hooks for oyster nets, concertina clips for 
anti-tank warfare, stays for beer boxes, and speed- 
ometer control casings. 


Wire Rope Manufacture 


With one of the most modern and best equipped 
wire rope plants in the country, the wire rope div. 
continues to uphold the reputation for high quality, 
diversified wire rope products which the company 


The takeup frame of a tempering rig, where flat steel, 
after being heated above the upper critical range, is 
quenched in lead to produce hardness, is shown. 


Horizontal stranding machines whirl at high speeds and 
produce tens of thousands of feet of strand a day. 


has maintained since it produced the first wire rope 
in America. 

The raw materials used fall into two broad classi- 
fications; those procured from other manufacturers, 
mainly fiber cores and lubricants, and wire. The 
wire, produced at Roebling, N. J. to rigid wire 
specifications, is segregated by size and grade and 
trucked to Trenton on special skids in trailer loads 
of approximately 25,000 Ib. 

The manufacture of wire rope may be _ sub- 
divided into three main operations: 1—Spooling; 
2—-stranding; and 3—closing. In the spooling oper- 
ation, the wire is transferred from coils, (small 


sizes may be on spools) to a steel spool, later set 


into a stranding machine. The spooling operation 
usually is located in the same area as the strander 
which it supplies. The constant speed spindles in 
the different benches driving the spools vary from 
approximately 150 to 750 rpm, providing average 
winding speeds of approximately 725 fpm. 

The coil of wire is placed on a holder called a 
swift and is unwound from the swift to the spools 
in the spooling machine. A driving clutch engages 
the spool to wind the wire and a constantly operat- 
ing fleeting device guides the wire back and forth 
across the traverse of the spool. 

Stranding is a process by which a given number 
of wires are helically laid together in a geometric 
pattern, having a definite pitch or lay, to form a 
strand of predetermined diameter. This is done on 
machines of various sizes and types to accommodate 
the wide range of products made. The machines 
may be divided into three principal groups accord- 
ing to strand constructions. They are the seven 
wire machine group, the 19 wire machine group, 
and the 37 wire machine group. The construction 
of a strand is usually thought of as the combination 
of a different number of wires to form the proper 
cross-sectional pattern. 

In addition to variations in stranding, there are 
others which are structural. These differences are 
denoted as the Larmuth type and the planetary 
type. The Larmuth type is one where the position 
of the spools is along the horizontal axis of rotation 
of the machine. The planetary machine is one hav- 
ing the spools arranged in groups around the axis of 
rotation. These machines are designed and built 
for horizontal operation or for vertical operation. 


Strand for large dimension rope similar to that used in 
suspension bridges is produced on this 6] wire machine. 


Most of the stranders used by the Roebling Corp. 
are of the horizontal type and account for the 
greater part of its productive capacity. A number of 
horizontal machines were designed and assembled 
in the Roebling plant, providing the production 
div. with equipment best suited for its particular 
requirements. 

To start the stranding operation, spools filled 
with the required sizes of wire are placed in cradles 
to unwind in the direction parallel to the axis of the 
barrel of the machine. The location of an individual 
wire in the machine is determined by the position 
which that particular wire will have in the strand, 
together with the requirement for proper thread- 
ing through the machine. The wires from the spool, 
with the tension controlled, are strung through a 
series of Carboloy guides inside the barrel to the 
head end, threaded through holes in a twister head 
(a plate with a series of concentrically placed 
holes), and converge to the point of twisting where 
they pass through steel dies forming a strand. 

The barrel rotating and the pull out sheaves 
operating at uniform speeds pulling the wires from 
the machine produces the helical forming of the 
wires into a strand. 

Closing of wire rope is the process where a num- 
ber of strands having a definite lay are helically 
laid together around a core to form a wire rope. In 
a wire rope there are types based on the number 
and construction of the strands, on the direction 
of lay of the rope with respect to the strand lay 
direction, the type of core the strands enclose 
(whether it be steel or fiber), and the forming (pre- 
formed or nonpreformed). 

Ropes also vary as to the number of strands. 
The most common are the six and eight-strand 
ropes, with the six-strand far exceeding the eight. 

Closing machines are constructed in the plane- 
tary type and the horizontal type with two major 
groupings for the number of bobbins: Six bobbin 
machines, where ropes of six strands or less are 
made, and eight bobbin machines. 

Preforming of a wire rope is usually done in the 
closing operation by a device called a preforming 
head. The strands are threaded through a series of 
adjustable rollers to form them in the position or 
shape they will assume in the finished rope. The 
control of strand tension in the closing operation 
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is important because it will affect the functioning of 
the preforming head. 

Closing machines vary in size—the size determin- 
ing the completed rope weight that can be produced 
in one setup. Roebling has one of the largest 
range of closing machine sizes in the wire rope in- 
dustry. The smallest machines are used for the 
manufacture of small aircraft cords and other types 
of cords in sizes as small as 1/32 in. diam. Other 
equipment can produce ropes of various sizes up to 
4 in. diam and larger. One machine has a capacity 
for making 80 tons of wire rope in one continuous 
length. 

The various steps in fabricating a wire rope are 
closely checked and compared with specifications 
by a corps of inspectors, stationed in the rope div. 
in the various departments specializing in raw 
material inspection, process inspection, and finished 
goods inspection. They also look after the require- 
ments of outside inspection from various customers 
and government agencies. 

Roebling also maintains facilities for producing 
wire rope slings and assemblies. A specialty is fab- 
ricating mechanical type splices and attachments. 
This department’s extensive equipment includes 
swaging machines and presses in various sizes. The 
biggest press, designed to make slings with large- 
diameter rope, has a rated capacity of 3 million Ib. 


Copper Wire Manufacture 

Roebling manufactures bare, solid wire, and 
stranded copper conductor from electrolytic cop- 
per wire bars of the quality required under ASTM 
Standard Specification B4 42, unless other specific 
qualities of wire bar uses are arranged for at the 
time of purchase. 

Copper wire bars are received at No. 2 rod mill 
and are pushed into a heating furnace by a hy- 
draulic ram. After emerging from the furnace suc- 
cessive rolling reduces the copper bars to rods of 
required diameter. As the rod leaves the last finish- 
ing stand, it is automatically coiled into a 24 in. ID 
bundle on an automatic coiler. This bundle is then 
carried to the end of the mill on a conveyor, cooled, 
and placed in cars for outside shipment, or for 
further processing in the copper mill. 

The testing dept. inspects the rod at regular in- 
tervals throughout the rolling process. Testing is 


In the copper mill each draft in the drawing of copper 
wire results in a reduction of 20.7 pct. 


1354—JOURNAL OF METALS, OCTOBER 1953 


Magnet wire is produced in a recently completed building 
under controlled draught and temperature. 


done by the reverse torsion method, which reveals 
laps, heavy rolled-in seams or any other defects. 

After hot rolling the copper bar, the resultant 

rod, which now has scale on its surface, is moved 
to the cleaning house, where it is cleaned by dipping 
in such solutions as weak sulphuric acid, potas- 
sium bitartrate, soap and water. 
Wire Mill: Usual practice is to draw wire according 
to the Brown & Sharpe Gage System (American 
Wire Gage). Each draft in this system is one num- 
ber, a reduction in area of 20.7 pct. With a ductile 
metal such as copper, which is capable of with- 
standing much cold working, it is unnecessary to 
resort to intermediate annealing. 

For any wire which is to be used as magnet wire, 
surface requirements necessitate shaving the rod to 
remove imperfections inherent in hot rolling. 

Line wire or stranded conductors when used bare 
are usually plain copper. This is also true of conduc- 
tors for insulating except when rubber or synthetic 
rubber compound is used. In this case it is custom- 
ary to coat the wires with tin or a lead-tin alloy to 
prevent chemical action between copper and rubber 
compounds. Standard manufacturing practice is to 
coat wires up to 0.032 in. diam with pure tin. 

Another operation in the copper mill is the draw- 
ing of trolley wire. Cleaned copper rods, 0.800 or % 
in. diam, are joined together by silver brazing on 
large wooden reels and drawn to wire on the trolley 
rod machine. 

Square and rectangular magnet wire is produced 
in the mill by rolling shaved soft, round copper 
wire in Turk’s head machines. In these machines 
the wire is shaped by rolling through two sets of 
steel rolls. The copper mill manufactures square 
wire ranging in size from 4/0 AWG (0.460 in.) to 
No. 16 AWG (0.051 in.) and all rectangular sizes in 
which the ratio of width to thickness is no greater 
than 21% to 1. 

Stranding: A considerable portion of the production 
of the copper wire drawing dept. goes through the 
stranding dept. to be assembled into conductors. 
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The simplest assembly of wires is bunching. In 
this type of strand, there is no uniform or definite 
geometrical arrangement of wires in the group. 
Bunched strands are used principally as conductors 
in portable cords, or as components of larger, ex- 
tremely flexible conductors. Bunched strands are 
usually made of wire No. 26 AWG or smaller. 

The most widely used type of stranding is the 
concentric lay-up, in which a central straight wire 
or core is covered successively with one or more 
layers of wires, wrapped helically, and usually in 
alternating directions. 

Large size extra-flexible conductors, for portable 
service, are sometimes laid up with rope stranding. 
In this construction a number of stranded units are 
assembled in a concentric arrangement. Groups of 
bunched strands are laid up in this manner when 
individual wires are small and a large total num- 
ber of wires are involved. 

A special type of conductor, used chiefly in paper 

insulated power cables, is the Compack strand. 
This is a concentric, unidirectional assembly of 
wires, where each layer of wires is rolled as applied. 
This process distorts the wires from their original 
round shape, and compresses them into a_ unit 
having a considerably reduced diameter. The same 
procedure, which also removes air voids and re- 
duces the diameter, applies to round Compack 
strand. 
Insulated Wire: Primary operations of the insulated 
wire div. consist of applying insulation materials 
over copper or aluminum conductors. These opera- 
tions are performed on conventional equipment such 
as rubber or plastic extruders, paper or varnished 
cambric wrapping machines, enamel baking ovens, 
cotton and glass insulating machines. 

Secondary operations add protective coverings to 
insulated conductors, identification tapes or braids, 
waxes or lacquers, and other types of finishes for 
improved appearance. These operations are per- 
formed on braiders, knitters, extruders, armoring 
machines, lacquer towers, and taping machines. 

Supporting operations add nothing to the product, 
but are strictly preparatory or functional. Such 
operations as testing, vulcanizing, rubber mixing, 
lead stripping, cabling or twisting, fall within this 
classification. 

Copper, the basic raw material of the division, 
accounts for 67 pet of the tonnage shipped. Other 
raw materials could be classified in 10 major groups 
and account for the remaining 33 pct. 

Operations are scheduled by the planning dept. 

The schedule, issued weekly, reflects sales fore- 
casts and current sales demands. The operating 
schedule also indicates the personnel required to 
support the different operations. 
Magnet Wire: A recently completed building houses 
the enameling and magnet wire dept. Building de- 
sign effectively controls draught and temperature 
and assures a uniform product. 

Processing consists of passing bright copper wire 
through an annealer, over a series of sheaves, 
through a varnish applicator. The required number 
of coats determines the number of successive passes 
through the applicator and through an oven which 
bakes on the varnish. The thickness of the film of 
varnish is controlled by applicator dies which re- 
move surplus varnish and create uniform finished 
diameters. Process inspection and statistical con- 
trol of the finished product assure quality. 


Insulating materials, such as glass, cotton, asbes- 
tos laminates, or other materials may also be ap- 
plied over bare or enameled conductors. Machines 
for this purpose are available in required size 
groups. Square and rectangular conductors of many 
sizes can be processed in addition to round sizes. 
Rubber and Thermoplastic: Chemical research and 
technological developments have made available 
new insulating material for the electrical and com- 
munication industry. These new materials have so 
many desirable properties as cable insulations and 
sheaths, that they have replaced natural rubber 
compounds in many instances. Among these new 
materials, the thermosetting types in most common 
use are synthetic rubber (GR-S), butyl rubber 
(GR-I), and neoprene (GR-M). For the thermo- 
plastic types, the vinyl componds (polyvinyl chlor- 
ide and copolymer vinyl-chloride, vinyl acetate) 
and polyethylene are used extensively. 

No thermosetting material alone is suitable for 
insulating wires and cables; it must be combined 
with other ingredients as fillers, vulcanizing agents, 
antioxidents, softeners, and pigments. Various com- 
pounds, each having specific physical and electrical 
properties for a given purpose, are obtained by 
proper choice and proportioning of the rubber and 
other ingredients. After the raw materials have 
been inspected and tested, the exact amount of each, 
as specified in the formula, is weighed out in the 
compounding room. 

The Banbury mixer is used for rubber mixing. 
Ingredients are fed through a hopper in proper 
order and at precise times. Automatic cycle controls 
control the mixing operation. Through the hopper 
the mixture is received on rolls which masticate, 
heat the compound, and maintain a constant tem- 
perature. Each batch is sample tested for quality. 

After mixing, the heated rubber batch is carried 
by conveyor to the Banbury mill for milling. This 


An electric cable is passed through a lead press at the 
Buckthorn plant. 
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operation consists of rolling at constant tempera- 
tures between two heated rolls, properly spaced, 
each travelling in opposite directions. This opera- 
tion blends the ingredients into a homogeneous 
mass. The rubber, except Neoprene, is then strained, 
aged, and calendared in preparation for use. 

The usual methods of rubber insulating are the 
tube insulating process, the continuous insulating 
and vulcanizing process (CV) and the strip insulat- 
ing process. The CV process is used for smaller size 
conductors while the tube and strip insulating 
processes are used on the larger and stiffer sizes. All 
three processes are used by Roebling. 

During vulcanization (curing) the rubber com- 

pound is changed to a firm, elastic state (from the 
thermoplastic phase to the thermo-setting phase) 
by the application of heat. To secure the optimum 
cure, each type of compound is exposed for a con- 
trolled time at a specific temperature. To produce a 
tough, nonporous covering, the rubber compounds 
are vulcanized under pressure. 
Product Engineering: The product engineering dept. 
is made up of engineering, quality control, and lab- 
oratory sections, which function as an integrated 
unit under the direction of the product engineer. It 
acts as an intermediate, technical service agency 
translating the sales dept.’s customer demands into 
instructions for the manufacturing depts. 

The manufacture or processing of each product is 
controlled through the standard manufacturing 
practice. This form, containing raw material re- 
quirements, detailed manufacturing data, scrap 
standards, product specifications and_ inspection 
requirements, constitutes the master reference for 
complete product data. 


Bridge Dept. 

John A. Roebling, the founder, and others who 
followed him have been closely identified with the 
majority of the world’s largest suspension bridges. 
In the progressive period of over 100 years the basic 
idea behind wire rope has been expanded and used 
for longer and larger cables built with higher 
strength wire at a much faster rate. 

The famous Brooklyn Bridge cables, measuring 
3579 ft with 21,432 wires and 89,600,000 lb strength, 
were spun at the rate of 14,000 ft per hr per spin- 
ning tramway. The equally famous Golden Gate 
Bridge cables, measuring 7650 ft with 55,144 wires 
and 386,000,000 lb strength were spun at the rate 
of 200,000 ft per hr per spinning tramway. The 
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Brooklyn Bridge, completed by 
Washington Roebling, was 
opened in 1883. Cables used 
measured 3579 ft with 21,432 
wires and an 89,600,000 Ib 
strength. The bridge was con- 
structed with a safety factor 
so great that subsequent 
strengthening to accommodate 
modern traffic was unnecessary. 


erection equipment needed for such cable work had 
to be designed specifically for the size and length 
of cable involved. 

The coordination of the manufacture of the bridge 
wire itself and its delivery to the site in proper se- 
quence for erection requires special planning and 
plant equipment. Wire is generally shipped on 
smaller reels or coils, then spliced at or near the 
site into longer lengths. For this reason, a splicing 
sleeve was developed that is generally applied to 
the wire by hydraulic presses, resulting in a splice 
that develops the full strength of the wire. 

The use of bridge strand and bridge rope as main 
cables was largely made possible by Roebling’s de- 
velopment of prestretching in the late 1920’s. This 
development of a method of prestretching, measur- 
ing, and marking under tension at the factory, of 
the complete length of strand or rope, made it pos- 
sible simply to mount these longer lengths in their 
final position on the tower saddles and connect them 
through attached fittings to the anchor steel. This 
process makes it possible to erect, within certain 
span limits, suspension bridge cables of parallel 
strand. The prestretching dept. is equipped to 
handle continuous lengths in multiples of approx 
3600 ft, and total lengths of over 10,000 ft, depend- 
ing on the size of rope or strand involved. 

Many suspension bridges have been built in the 
past quarter century using the parallel wire type 
cable on the longer spans and the parallel strand 
cable on the shorter spans, both types being fully 
wrapped circumferentially with close fitting gal- 
vanized wrapping wire. Bridges of still shorter 
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City officials inspecting the progress of work on the Brook- 
lyn Bridge at the time of construction. Note the sailing 
vessels in the background. 
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spans have been built using groups of strands and 
ropes spaced apart for inspection and possible paint- 
ing. Suspension systems of all types test the in- 
genuity of the designer to use the high tensile qual- 
ities of wire, strand and rope in a manner to provide 
safe and dependable support. 

The research and development that is continually 
being carried on to improve the physical charac- 
teristics of wire naturally open new fields of usage 
for this wire. The practice of utilizing wire and 
strands in prestressed concrete offered such a field 
for this improved wire, particularly since American 
procedure and methods could be used to reduce the 
excessive fabrication labor usually employed in 
Europe. This special quality wire, treated to relieve 
internal stresses, has the necessary physical charac- 
teristics required for the tensioning material needed 
to develop the compressive strength of concrete. 

After several years of research and tests, a com- 
plete and full line of prestressing materials for pre- 
stressed concrete was developed—the wire and un- 
coated small strands and pretensioned bonded meth- 
od, and the galvanized bridge strands with factory at- 
tached fittings for the post-tensioned prestressed con- 
crete. The prestressing of concrete to utilize the com- 
pressive qualities of the concrete continues to attract 
widespread interest among engineers and archi- 
tects and should be the popular construction mate- 
rial of the decade. 

The handling and moving of materials and equip- 
ment over rugged country where there are no roads 
or railroads, naturally suggests the overhead haul- 
age systems of the tramway or cableway. These 
aerial rope systems have been built to handle ore 
and other items for many miles, sometimes over the 
top of mountains. 

The popular ride up the mountain side by the 
tourist requires a still different type of ropeway. 
This passenger tramway, of course, uses a special 
car with different terminal facilities and safety de- 
vices. The sport of skiing continues to grow and 
along with it grows the demand for facilities to 
eliminate the grueling uphill climb. The aerial rope 
system has proven to be the most satisfactory 
answer. Roebling engineers have designed and sup- 
plied a chair lift that provides safe and comfortable 
transportation for the individual skier in the winter 
or the sightseer in the summer. 

The bridge dept. maintains a laboratory for accu- 
rate and complete tests and for model analysis. 


Industrial Engineering 

The industrial engineering dept. in cooperation 
with the operating div. and technical services has 
played an important role in reducing costs and in- 
creasing production levels through the functions of 
methods analysis, performance standards, and in- 
centive rates. 

While incentive rates were being installed as long 
ago as the 1930’s, industrial engineering work was 
limited in scope and was, to a large extent, of an 
emergency nature. The organization of the present 
group began in 1944 when each plant was staffed 
with an industrial engineering group and a central 
control and administrative office was established. 
This expansion tied in with the overall plan to make 
Roebling more competitive and productive through 
improved methods, new equipment, and an equit- 
able return for the labor and material dollar. 

The present organization includes both technical 
graduates and persons with shop experience. This 


Table II. Basic Responsibilities of the 
Metallurgical Dept. 


Metallurgical Decisions: Recommend metallurgical decisions on pur- 
chase, use, and sale of metals and metal products. 

Standards and Specifications: Represent company on national or 
trade standards and specifications for products other than wire 
rope and electrical wires. 

Requirements and Practices: Correlate and coordinate interdivi- 
sional metallurgical requirements, specifications, and practices. 

Materials, Processes, and Equipment: Direct mill metallurgical in- 
vestigations toward reduced material and processing costs and/ 
or improved quality. Direct metallurgical activities relating to the 
solution of cause of high cost products and relating to the im- 
provement of existing equipment or proposed new equipment. 

Process and Product Engineering: Through metallurgical depart- 
ments execute process and product engineering responsibilities 
for ingots, billets, ferrous and nonferrous wires, and cold rolled 
products. 


combination has proven very effective, since the de- 
partment’s functions cover such a diversified range. 

Present assignments originating in the central 
office include job classification, rate control, incen- 
tive policy, production cost analysis, production 
planning, training, industrial relations, and general 
staff assistance to works manager. Divisional offices 
analyze methods and job standardization; develop 
and install new incentive plans, maintain all exist- 
ing plans; develop labor performance standards for 
labor control, scheduling, and cost control; partici- 
pate in foreman training programs; assist in griev- 
ance procedure and arbitration; estimate labor cost; 
and provide general staff assistance to manufactur- 
ing manager. 

Because of the valuable experience and training 
provided, the department has developed into an 
important source of replacements for various posi- 
tions throughout the company. 

Major installations have been made in recent 
years including a completely new job classification 
plan covering all hourly paid plant employees, and 
a comparable installation covering all weekly union 
and non-union clerical and technical employees. 


Metallurgical Engineering 

Roebling metallurgical operations are directed by 
a chief metallurgist, who, under the vice-president 
engineering, is responsible for directing and coordi- 
nating metallurgical activities. Among other duties, 
some of the basic responsibilities are given in Table 
II. To accomplish the process and product engineer- 
ing responsibilities, metallurgical engineering main- 
tains a sizeable staff to provide a good balance of 
practical experience and technical training. 

Metallurgical engineering is most extensively ap- 
plied in the open hearth and hot mills div., the steel 
wire products div., the cold rolled products div., and 
the copper wire mill of the electrical wire div. It 
is in these divisions that the quality and mechanical 
characteristics of base products are created and es- 
tablished. Thus the metallurgy of the metallic com- 
ponents of wire rope and insulated electrical wires 
is fundamentally controlled in the wire. Neverthe- 
less, the services of metallurgy are available upon 
request to the wire rope div. and the electrical wire 
div. for specific problems. 

The role of metallurgy is not confined to assistance 
in production problems alone. Its interdepartmental 
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Wire rope is produced in the main plant located in 
Trenton, N. J. 


activities compel a close association with the pur- 
chasing div., sales div., and cost accounting dept. 
Its mill activities demand a close association with 
the industrial engineering dept., inspection dept., 
and research and development engineering dept. Its 
scope of operations begins in the scrap yard of the 
open hearth and ends at times in the customer's 
plant. 

Each of the basic production divisions has a metal- 
lurgical engineering dept. which devotes its efforts 
exclusively to the problems of its specific division. 
The equipment of these laboratories varies widely. 
The chemistry of steels and slags dictates that the 
functions of the open hearth and hot mills labora- 
tory will be largely chemical analysis. In the steel 
wire products div. the facilities are largely metal- 
lographic and wet chemical in type, although carbon 
and manganese can be determined. In the cold 
rolled products div. facilities are basically metallo- 
graphic, and carbon and manganese can be deter- 
mined. Heat treating facilities are available as is 
equipment for analyzing the surface of flats. 


Plant Engineering 

Plant engineering, in addition to the usual func- 
tion of designing, modifying and engineering cap- 
ital assets, directs all maintenance activities, controls 
all utilities, installs all capital additions, and op- 
erates shops to make and repair machine parts, 
shipping containers, reels, and rope fittings. The 
department also directs the receiving functions of 
the Roebling Corp., operates the general mainte- 
nance stores, and manages the fire and plant pro- 
tection groups. The direction of these operations 
is the responsibility of the chief plant engineer. 

A staff of project engineers and designers works 
primarily on capital improvements and machine 
modifications. Existing equipment is continually 
re-examined and analyzed and changes in design 
incorporated. Where present equipment cannot be 
modified, a new machine is designed or purchased 
that will satisfy production’s needs for more and 
better products. All designing is thoroughly checked 
with production personnel, metallurgy, scheduling, 
and sales. Engineering follows closely all fabrica- 
tion and oversees the installation of the equipment. 

Utilities are the function of plant engineering. 
Not only is the supply of these utilities maintained 
to meet current demands, but foresight is exercised 
to gage changes in needs of production over the 
coming years. One evidence of the modernization 
and economy achieved in utilities is in the changes 
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that have been made in steam. The Trenton area 
plant was previously supplied by 76 boilers; now 
nine boilers in three locations supply all steam for 
three production divisions and all central office 
buildings. The Roebling plant formerly was sup- 
plied by 24 boilers; now three 80,000 lb per hr, 600 
lb pressure, 750° boilers supply steam for all heating 
and manufacturing processes. The boiler houses 
and power plant consume 140 cars of coal monthly. 

Fifty pct of the electric power used by the Roeb- 
ling plant is generated in the power plant by a 5000 
kw extraction type turbogenerator, The remaining 
50 pct currently is supplied by a utility company 
through three feeders at 26,000 v. There are also in 
this plant five 1000 kw rectifiers to take care of dc 
equipment requirements. 

To replace old equipment, modernize distribution 
systems for protection against the utility company’s 
increased generating capacity, and keep pace with 
future requirements, plant engineering at present 
is installing a distribution system in the Trenton 
plant and engineering a new system of distribution 
for the Roebling plant. 

Complete maintenance coverage and immediate 
service is assured by the manner in which the plant 
engineering dept. is organized. Maximum service 
has been achieved by assigning a divisional plant 
engineer with an engineering staff and general main- 
tenance foremen to each division. For major main- 
tenance repairs, the divisions have access to the 
services of the highly skilled craftsmen available 
through the Trenton and Roebling central craft 
shops. 

Plant engineering also supervises two produc- 
tion functions which are not specifically engineering 
functions but which require craft labor; the drop 
forge shop and the reel and box shop. 

The receiving and verifying of all incoming raw 
materials, supplies, and purchased parts is efficiently 
managed by two receiving offices at the Trenton 
and Roebling plants. After verification, raw ma- 
terials are forwarded to their stock areas and other 
materials are taken into stores which maintain a 
maximum-minimum inventory of the thousands of 
items necessary to the uninterrupted operation of 
the plant. 

Plant engineering also has been assigned the duty 
of fire and police protection of the entire plant. Fire 
protection devices are located in all areas, and 
Roebling fire-fighting equipment is instantly ready _ 
to answer all alarms. A corps of plant police guards 
all gates and patrols all buildings. 

Administrative procedures and controls are es- 
sential and necessary to the successful operation 
of such a large and inclusive department. Careful 
surveillance is kept over the activity and status of 
all capital and expense projects and the rate of 
expenditure is accurately forecast. Consumption 
figures are analyzed to uncover possible areas of 
further unit cost reduction and more effective use 
of utility supplies. Maintenance expense statements 
are reviewed and compared with allowed mainte- 
nance budgets. 


Research and Development 


The research and development dept. was organ- 
ized in 1930. Its main concern has been to assist the 
company in adapting its products and processes to 
the changing times. The department is housed in 
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a three story building adjacent to the main office of 
the corporation. The organization consists of a 
group of project engineers, supported by three 
service laboratories and a machine shop. 

The chemical laboratory is equipped to analyze 
plain and alloy steels, nonferrous metals, coal, oil, 
soaps, and fats. It has collaborated with the Bureau 
of Standards in the analysis of standard steels and 
is qualified to provide reference analysis for the 
corporation. Included in the equipment are a spectro- 
scope, and salt spray and humidity cabinets for 
corrosion testing. : 

The metallurgical laboratory is equipped for sur- 
face, macro and micro examination and photograph- 
ing of samples. A Kentron machine is provided for 
determining micro hardness. The metallurgical lab- 
oratory has equipment for all types of heat treat- 
ment of samples including experimental patenting, 
galvanizing, and tinning. It also has equipment for 
hot pressing of carbide shapes, and special shaped 
carbide wire drawing dies are made here. 

The physical testing laboratory is equipped for 
tensile, bend, torsion, bending fatigue, tensile fa- 
tigue, impact, hardness, and creep tests. 

In addition to the service laboratories, there is an 
electrochemical laboratory equipped for experi- 
mental electroplating and corrosion test work. Cor- 
rosion tests are in progress at the International 
Nickel Co.’s corrosion station at Harbor Island, N. C. 

An electrical laboratory is used for welding ex- 
periments and is equipped to determine the electri- 
cal conductivity of copper, steel, and alloy wires. 
On the ground floor of the building is a large area 
used for pilot plant operations. 

The laboratory handles two kinds of work. 

1-~-Technical service: Requests for examination 
of samples are handled and reported by the service 
laboratories. This often involves’ metallurgical, 
physical, and chemical examination of customer’s 
samples or determination of technical reasons for 
failure in service or manufacture. 

2—Research and development: This work is as- 
signed to a project engineer. A program for work 
is agreed upon with the person making the request. 
Periodic progress reports are made, progress is dis- 
cussed from time to time, and a final report made. 
Projects are usually of a more or less long term na- 
ture and are concerned with developing new or im- 
proved products or processes. 

During 1952, approx 40 pct of the work was tech- 
nical service, 35 pct process development, 20 pct 
product development, and 5 pct basic research. 

A variety of projects have been handled by this 
department in cooperation with the various divisions 
of the business. This work has included studies of 
continuous patenting and cleaning; tire bead wire 
and other specialty wires; various open hearth proj- 
ects; wire rope research in the fields of corrosion, 
lubrication, and possible new uses; research on sur- 
face finish of strip in the cold rolled div.; welding 
and other problems in connection with the electrical 
div.; and cooperative effort with the bridge dept. in 
the development of bridge wire, prestressed concrete 
wire and strand. 


Inspection Dept. 

Inspection plays a prominent role in the effort to 
obtain and maintain the high quality for which 
Roebling products are known. 

The chief inspector, who reports to the vice- 
president engineering, directs the activity of in- 


Electric wire and cable is manufactured in the Buckthorn 
plant, Trenton, N. J. 


spection personnel to provide inspection service to 
the various manufacturing divisions. The assistant 
chief inspectors at Trenton plant and Roebling plant 
are responsible for the direction of inspection, form- 
ulating and recommending inspection policies, in- 
terpretation of specifications and translation into 
inspection requirements. They direct preparation 
and circulation of various quality control charts and 
records, issue certificates of test, and direct the set- 
ting up of inspection methods and techniques in- 
cluding statistical quality control, sampling proced- 
ure, etc. 

Divisional head inspectors are responsible for the 
inspection of products manufactured in the division 
to which they are assigned to insure conformance 
with specifications and inspection requirements. The 
process and finished goods inspectors report to their 
divisional head. 

Process inspectors’ function is to inspect material 
in process to minimize loss due to further processing 
or finishing out-of-specification material. They ob- 
tain random samples and make such tests as 
strength, torsion and dip tests, and also prepare and 
report necessary data in the form of process in- 
spection reports. 

Finished goods inspectors inspect finished prod- 
ucts for conformity with customers specifications. 
They maintain a file of test data covering orders 
that require outside inspection, notify inspection 
office when material is ready for inspection by out- 
side agencies, and accompany those inspectors fur- 
nishing necessary data and equipment to accomplish 
inspection. They also inspect material from outside 
companies, obtain test samples and make such tests 
as strength, torsion and dip tests. 

Testers assigned to work for the inspection dept. 
are given some of the detailed physical testing 
necessary to assure proper physical properties in the 
finished material and make such tests as hardness, 
tensile strength, torsion, bend, magnification, etc. 

Recently in certain areas of the plant quality con- 
trol programs were established, over and beyond 
everyday inspection, which it is believed have re- 
sulted in obtaining information tending to improve 
various products and in some cases resulting in bet- 
ter yields. Using statistical methods and techniques 
control charts were developed which determine and 
predict whether the product will meet, and continue 
to meet, specifications. These techniques and meth- 
ods also enable determination and prediction of 
machine capabilities. 
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Plant Interrelationship 


by J. S. Hawley 


HE operating units of the Colorado Fuel & Iron 
Corp., located in the eastern section of the 
United States form a production group or team 
which produce a widely diversified line of products. 
The focal point of eastern operations is Buffalo, 
N. Y. Stationed at this location are manager of in- 
dustrial relations, manager of industrial engineer- 
ing, assistant vice-president of operations of CF&lI 
as well as the director of purchases, chief metallur- 
gist and general traffic manager of the Wickwire 
Spencer Steel div. of CF&l. 

The Wickwire Spencer Steel div. consists of 
Brooke, Buffalo, Claymont, Clinton, Morgan, and 
Palmer plants. Also located in the eastern section 
of the United States are two subsidiary companies 
of CF&I which complete the eastern operations. 
These units are American Wire Fabrics Corp. and 
John A. Roebling’s Sons Corp. 


J. S. HAWLEY is as- 
sistant vice-president 
in charge of opera- 
tions at Buffalo. Mr. 
Hawley has been 
with CF&I for 14 
years. He joined the 
California Wire Cloth 
Corp. as superinten- 
dent, and before that 
had been associated 
with the California 
Cotton Mills, 
land. His spare time 
interests are hunting 
and golf. 
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Ore from the Richard mine located at Wharton, 
N. J., supplies blast furnace ore and sintering con- 
centrates to the Brooke plant. This mine also sup- 
plies a portion of the blast furnace and open hearth 
ore to the Buffalo plant and supplies open hearth 
ore to the Claymont plant. 

The Brooke plant supplies pig iron to the Clay- 
mont plant and to the John A. Roebling’s Sons Corp. 
subsidiary. The Brooke plant also supplies a portion 
of the sinter needed by the Buffalo plant for use in 
the blast furnaces at that location. 

Occasionally pig iron may be supplied to the 
Claymont plant from the Buffalo plant but the 
steady movement of material from Buffalo into 
other eastern plants is in the form of steel rods or 
wire. Each month a portion of the steel rods pro- 
duced at the Buffalo plant is shipped to the Palmer 
plant. In a lesser amount the Buffalo plant may 
ship wire to the Clinton or Morgan plants. 

The Palmer plant furnishes steel wire to the 
Clinton and Morgan plants as well as to the Ameri- 
can Wire Fabrics Corp. These wires are in many 
grades and sizes and produced to suit the particular 
products produced in these plants. 

Due to the interlocking operations and the re- 
liance of one plant upon another for smooth and 
efficient schedules, the management staff located at 
Buffalo is set up to coordinate activities in such a 
manner as to leave the individual plant and district 
managers unfettered in the direction of the various 
units. The management official at each location has 
full responsibility and authority to direct his own 
plant and depends on the district manager and staff 
personnel for coordination and guidance on matters 
of overall company policy. The Clinton, Morgan, 
and Palmer plants comprise one district, directed 
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by a district manager and the Brooke, Buffalo, and 
Claymont plants along with Richard mine comprise 
another. Corporation wide all operations are coor- 
dinated and directed by the vice-president of opera- 
tions of CF&I. 


New Facilities, Eastern Plants 

It has been the corporation’s policy to carry on a 
program of improvements and additions to plants, 
machinery and equipment to increase production, 
cut costs, improve quality, and diversify products. 

In the eastern plants many expenditures have 
been made since 1945 to carry out that policy. The 
major items of improvement and addition follow, by 
plant location. 

At the Buffalo plant one blast furnace was re- 
habilitated after standing idle for several years. 
This assured an ample supply of iron for use in the 
manufacture of steel as well as permitting the sale 
of pig iron to users of that commodity. In conjunc- 
tion with the rehabilitation of the blast furnace the 
blowing engine equipment was also overhauled. 
Two replacement programs entailing the installa- 
tion of six new steam boilers have also been carried 
out to insure an adequate supply of steam necessary 
for the operation of the plant. A new gas cleaning 
unit was installed to clean the blast furnace gas so 
that it might be used effectively in the furnace 
stoves and steam boilers. Additional installations 
were made in the gas piping system to permit total 
utilization of all blast furnace gas. The second blast 
furnace has also been completely rebuilt and the 
stoves that preheat blast air have been relined. 

The open hearth operation has been improved by 
the redesign of the four furnaces and provision is 
being made to produce and handle larger heats. 

The rolling mill operation has been improved by 
the replacement of all of the old soaking pits with 
two new pits totaling six holes. This insures ade- 
quate steel heating of first quality. 

New water cooling facilities have been installed 
in the wire mill to insure proper cooling of dies and 
blocks in the wire drawing operation. 

Steam locomotives have been replaced by diesels 
and the in-plant movement of railroad cars is now 
performed by four diesel engines. New diesel loco- 
motive cranes have been acquired as well as crawl- 
er-type handling equipment to handle material 
throughout the mill. Replacement and new railroad 
tracks have been installed as needed. 

The entire electrical system has been overhauled 
and enlarged and supplemental equipment of all 
types necessary for safe and efficient steel mill op- 
erations has been added. Oil storage tanks have 
been installed. 

At the Claymont plant a major program has been 
instituted to bring about an increased production of 
quality material. 

Open hearth furnaces have been enlarged and 
larger ladles provided to permit the production of 
larger heats of steel. Archless doors and frames 
have been installed. Handling equipment to permit 
pallet handling of brick and other material has been 
secured for this operation. 

In the rolling mill operation, a vertical rolling 
mill has been installed along with a slab shear and 
slab furnace. New roller lines have been provided 
and a rotary type side shear is in process of in- 
stallation. 


Existing soaking pits have been converted to oil 
fuel, and additional pits are in process of construc- 
tion. Oil storage facilities have been installed to 
insure the fuel supply. 

A car type annealing furnace has been provided 
to enable the production of quality product. Sup- 
plemental equipment peculiar to the plate rolling 
operation has been secured as needed. 

In the welded pipe dept. the expansion testing 
equipment has been rebuilt and squirt welding 
equipment has been secured to supplement the pipe 
welding facilities. 

Replacements and additions to railroad track have 
been carried out as required. 

At the Clinton plant new or replacement equip- 
ment has been installed to improve the operations 
of that unit. 

A department to produce heavy vibrating type 
screens has been established. This unit is equipped 
with the crimping, forming, and weaving equipment 
necessary to produce the full range of special mate- 
rial used in sizing materials such as ore, coal, etc. 

A new perforating press has been installed to in- 
crease the output of the department which produces 
perforated metals. Mechanical handling equipment 
has been added and buildings enlarged to comple- 
ment the increased production. 

Modern equipment for the production of spiral 
belts has been installed. New galvanizing facilities 
have been developed for the galvanizing of woven 
wire cloth and netting. 

Welding and forming equipment has been in- 
stalled to produce specialty items such as garage 
door mountings, and custom fabrications. 

At the Morgan plant mechanical handling equip- 
ment and accessories have been acquired to facili- 
tate material handling. 

Two additional oil tempering units have been in- 
stalled to increase the output of oil tempered wire. 
Several additional spring coiling machines have 
been placed in operation and supplemental equip- 
ment necessary to complement the forming equip- 
ment has been added as needed. 

At the Palmer plant numerous wire drawing ma- 
chines have been added. A modern installation for 
the testing of wire has been developed and is used 
to control the quality wires needed for the manu- 
facture of wire rope at this plant and the manufac- 
ture of a wide range of wire products at other com- 
pany plants supplied by this plant. 

A large installation of modern atmosphere con- 
trolled annealing equipment has been made to guar- 
antee quality and increase production. 

New wire rope producing equipment has also been 
placed in operation to increase the output of this 
product as well as widen the range of product that 
can be manufactured. 

Mechanical handling equipment and accessories 
have been provided as needed to insure efficient and 
safe handling of materials. 

At the Mt. Wolf plant of the American Wire Fab- 
rics Corp. numerous additions and improvements 
have been made to improve quality and increase 
production. 

Conveying systems have been installed, facilities 
have been developed to permit weaving direct from 
the spools onto which the wire was drawn and many 
innovations peculiar to the wire weaving operation 
are in evidence. 
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Transportation 


by William DeBoer 


RANSPORTATION is of utmost importance to 
the successful operation of steel mills. Unin- 
terrupted movements of raw materials, in sufficient 
volumes, must be maintained with enough reserve 
capacity to handle peak loads. Adequate supplies of 
empty cars, properly placed, and expeditious hand- 
ling of shipments is essential to avoid congestion 
at the mills. A substantial portion of the trans- 
portation to and from the mines and plant of Colo- 
rado Fuel & Iron Corp. in Colorado and Wyoming, 
is performed by a wholly owned subsidiary, Colo- 
rado & Wyoming Ry. Co., a Class I common carrier. 
The railway was incorporated in May 1899 for 
transporting iron ore from Sunrise Mine, Wyo., coal 
and coke from Primero and Tercio, Colo., and to 
handle the traffic at the Minnequa, Colo. steel plant. 
Construction began in Wyoming in 1899 and 14 
miles, from a connection with the Colorado & 
Southern Ry., at Hartville Junction to Sunrise, Wyo., 
was completed in 1900. 

Late in 1915, after the Chicago, Burlington & 
Quincy R.R. extended their line from Guernsey to 
Wendover, Wyo., the Colorado & Wyoming line from 
Guernsey, via Porter, to Hartville Junction, was 
dismantled leaving six miles from Sunrise to Guern- 
sey in operation. Connection is made with both the 
Chicago, Burlington & Quincy R.R. and Colorado & 
Southern Ry. at Guernsey. This is known as the 
Northern Div., which serves the iron ore mine at 
Sunrise, a lime rock quarry at Crane, Wyo. and 
other shippers and consignees. More than 10,000 
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cars of iron ore per year are transported from Sun- 
rise to Guernsey. 

Construction in Colorado was begun in 1900 and 
31 miles from Jansen to Tercio was completed early 
in 1902. This portion of the railway, including 
branches to Piedmont, Primero, and Sopris served 
mines, coke ovens, and lumbering operations of the 
corporation for many years. The branches to mines 
and coke ovens were retired as the mines were 
closed and coke ovens discontinued operation. 

In 1951 and 1952 the portion of the line beyond 
Weston to Tercio was abandoned and a line built 
from East Weston to the new Allen mine, approxi- 
mately 9% miles west. At that time the entire line 
from Jansen to Weston was rehabilitated, new 
bridges built, the right-of-way improved and re- 
laid with heavier rail. Direct connections are made 
with Atchison, Topeka & Santa Fe Ry., Colorado & 
Southern Ry. and Denver & Rio Grande Western 
R.R. at Jansen, Colo. 

The entire Jansen Yard is the property of Colo- 
rado & Wyoming Ry. This is known as the Southern 
Div. which serves Allen and Frederick mines, the 
Weston Timber operation of the corporation and 
other shippers and consignees. More than 15,000 
cars of coal per year are transported from Allen 
and Frederick mines to Jansen. 

Railway operations at the Minnequa steel plant 
began in December 1902. At present 63 miles of 
tracks are operated. Direct connections are made 
with Atchison, Topeka & Santa Fe Ry., Colorado & 
Southern Ry., and Denver & Rio Grande Western 
R.R. and connection with Missouri Pacific R.R. 
Co. is made via Denver & Rio Grande Western 
R.R. Through these connections routes are available 
in all directions. This is known as the Middle Div., 
which serves CF&I and several other industries. 
More than 200,000 carloads per year are transported. 

The total mileage operated on all three divisions 
is 115 miles. The lines were originally operated with 
steam locomotives. In 1952 the last steam locomo- 
tives were discarded. Nineteen new diesel locomo- 
tives are now in operation. 

The freight equipment of the railway consists of 
602 cars of which 596 are freight, 4 caboose, and 2 
maintenance of way cars. The railway handles ap- 
proximately 7% million tons of freight per year 
with an average of 494 employees performing more 
than 860,000 hr of service. 
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Purchasing 


by L. C. Rose 


HE purchasing function for Colorado Fuel & 

Iron Corp. at Pueblo, is basically the same in 
its approach to procurement as any similar industry 
of comparable size. There is, however, one note- 
worthy difference between the Pueblo plant and 
most large enterprises in the industrial field. This 
significant factor is remoteness from the large con- 
centrations of industrial activity from which most 
requirements must be obtained. 

Many delivery calculations must be predicated 
on the knowledge that at least 10 days to two weeks 
will be required to receive the material by rail 
from shipping points in the New England or At- 
lantic seaboard area, assuming that immediate ship- 
ment can be made. Geographical location also re- 
quires maintaining extremely accurate inventory 
records and controls at the steel works and at the 
mines. Purchasing for five coal mines in Colorado 
and an iron mine in Wyoming is an integral part of 
activities. 

In the event of a machinery breakdown at the 
steel plant, or any of the mines, this element of dis- 
tance can, and has, posed serious problems in ob- 
taining shipment of parts or material in time to 
prevent a complete shut down of units or depart- 
ments with resultant loss of production. 

These same intervening miles also separate the 
plant from many of the sales organizations on which 
it depends for current quotations and information 
on developments in market conditions. The pur- 
chasing offices of the steel industry in Pittsburgh, 
Cleveland, or Buffalo districts are in a position to 
transact a large proportion of their business in the 
area of a few square blocks either by telephone or 
direct contact with sales representatives. 

By contrast, CF&I in Pueblo must rely to a large 
extent on long distance telephone and the periodic 
visits of members of sales departments from the 
East, some of whom find it impractical to make trips 
to the Rocky Mountain area more than two or three 
times a year. 

It is not intended to convey the impression that 
most sources of supply have no local representa- 
tives. Many of the eastern firms dealt with regularly 
have competent engineering and sales organizations 


located in this area, principally in Denver, 120 miles 
north of Pueblo. The representatives of these com- 
panies call frequently, some as often as once a week. 
The fact remains, however, that the materials they 
are selling in many cases are produced from 1000 
to 2000 miles away. 

The purchasing dept. at Pueblo consists of 17 
employees, headed by the director of purchases. He 
reports directly to the president of the corporation 
from whom overall policy emanates. The director 
of purchases in turn determines departmental pol- 
icy and procedures. In addition the purchasing 
head is responsible for the procurement at both the 
Eastern and Western plants of most of the raw 
materials used in the production of steel such as 
scrap iron, iron and manganese ores, heavy chemi- 
cals, refractories, fuels, etc. The negotiation and 
execution of construction projects are also a part 
of his duties, as well as the purchases of items of 
major capital equipment, i.e. large machine tools, 
locomotives, blast furnace relining, heavy mining 
equipment, etc. 

To the assistant director of purchases is delegated 
the responsibility for overall supervision of the 
dept. He handles the purchases of all building mate- 
rials, lumber, cement, brick, as well as lubricants, 
alloy steels, sheet steel, pipe, etc. 
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The balance of material to be purchased is 
divided among three buyers and a buyer’s clerk. 
Each buyer handles, without deviation, certain 
classifications of material. This method has been 
found to be the most satisfactory as the buyer be- 
comes more familiar with those particular products 
and consequently more efficient in their procure- 
ment. One buyer purchases electrical equipment 
and supplies needed by the corporation, in addition 
to valves, fittings, power tools, pumps and related 
items. Another buyer handles the purchase of 
bearings, hand tools, hardware, etc. A third buyer 
has charge of buying office supplies and equipment, 
such as typewriter ribbons, carbon paper, as well 
as desks, typewriters, calculators and other office 
machinery. At least 90 pct of the hundreds of 
printed forms required by the Pueblo plant are 
produced in the corporation’s printing dept. 

It has been found that the assistance of a buyer's 
clerk is of considerable aid to the various buyers in 
checking records, compiling data as required, and 
placing of orders under the buyer’s supervision 
during rush periods. 

Orders are placed by one of the following meth- 
ods: 1—Use of posted previous price records; 2— 
pricing from catalogs and price lists; or 3—use of 
the inquiry form or bid. This latter form is sub- 
mitted to various suppliers for their quotation and 
delivery information. Under existing conditions 
the third method was found to be the most satis- 
factory. Prices are being revised without notice and 
delivery dates, which are so important, are con- 
stantly changing. These conditions require obtaining 
the most accurate information possible and is most 
satisfactorily acquired through this medium. 


The record or invoice section of the dept. is as- 
signed the responsibility of maintaining an orderly 
flow of the large volume of paper work resulting 
from the placing of 1200 to 1500 orders every month 
in the Colorado div. alone. An average of 3500 in- 
voices are checked, recorded, and passed to the 
accounting dept. every month. In addition to these 
duties, a daily record of invoices handled is main- 
tained, and a monthly report is compiled from these 
daily totals showing expenditures made in various 
categories such as scrap iron, refractories, fuels, 
lubricants, etc. One copy of this report is sent to the 
president’s office, one to the vice-president in charge 
of operations, and one each to the works manager 
and controller of the corporation. A fifth copy is 
retained in the purchasing dept. 

The entire time of one employee is devoted to 
tracing and expediting of shipments. Shortages and 
scarcities of critical materials have been a serious 
problem in the steel and mining industries during 
and subsequent to the war years. In fact until quite 
recently when practically all Governmental controls 
were lifted, it was necessary to maintain a full 
time employee whose sole duties were to keep the 
dept. abreast of developments in controls and regu- 
lations emanating from Washington. A most effec- 
tive follow-up system has been devised which 
furnishes the operating depts. with up-to-date de- 
livery information at all times. 

The procedures as outlined are also followed 
with minor deviations by the purchasing dept. at 
Buffalo, Claymont, Del., J. A. Roebling’s Sons Corp. 
at Trenton and at Oakland, the Pacific Coast div., 
formerly the California Wire Cloth Corp. 


CF&/ 


HE field of industrial relations in CF&I covers 
negotiation of labor agreements and the day-to- 
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Industrial Relations 


by Howard 


J. Jones 


day administration of these agreements, as well as a 
number of other activities, including employment, 
safety, medical facilities, fire protection, plant pro- 
tection, employee training, and plant publications. 

The corporation and its subsidiaries employ ap- 
proximately 23,000 employees throughout the 
United States at locations extending from the At- 
lantic Ocean to the Pacific Ocean. Condition of 
employment of substantially all of the production, 
maintenance, and clerical employees in the plants 
of the corporation and its subsidiaries are governed 
by contracts with the United Steelworkers of Amer- 
ica—CIO. Conditions of employment in the corpor- 
ation’s coal mines are governed by agreements with 
the United Mine Workers of America. Relatively 
small groups of employees in various operating 
units of the corporation and its subsidiaries are 
also covered by labor contracts. 


4, £2 


Substantially all of the steel plants and office 
employees are covered by a contributory social 
insurance program, which provides life insurance 
for employees, payments to the wage earner when 
he is unable to work due to sickness or accident, 
and hospitalization and surgical benefits both for 
employees and their dependents. 

CF&I also has a pension plan for its employees, 
which is comparable to those in the steel industry. 
The costs of the pension plan are paid for entirely 
by the company. The employees of the coal mines are 
covered by the United Mine Workers of America 
Welfare and Retirement Fund which provides 
somewhat different benefits. 

Activities relating to safety, medical, fire pro- 
tection, and plant protection, must of necessity be 


closely coordinated. CF&I has a full program of 
safety engineering and education to promote safe 
operating practices. This safety program functions 
with the goal that each employee may return home 
safely to his family at the end of the day’s work. 
Friendly and cooperative relationships are en- 
couraged at all levels between the employees and 
management to the end that proper attitudes be de- 
veloped based on the full understanding of respect, 
regards, rights, and responsibilities of all concerned. 
In all industrial relations, CF&I emphasizes the 
fundamental principle that stockholders, employees, 
and management are all indispensable members of 
one team whose prosperity is interdependent and 
whose welfare rests upon the continued competitive 
strength of the corporation. 


CF&/ 


BROAD and intensive program to expand and 
modernize the many types of machinery and 
equipment at the various plants of the Colorado 
Fuel & Iron Corp. has been given new and special 
emphasis in recent years, following the acquisition 
of new companies and new product lines. 

Operating, metallurgical, and other technical 
effort has been closely coordinated with sales plan- 
ning, advertising, and marketing research in the 
overall plan to build CF&I’s position and prestige 
in the steel industry, and to provide needed products 
for the widespread expansion of the nation’s basic 
industries. Population and industrial growth in the 
United States in recent years has shown large gains, 
particularly in some of the corporation’s principal 
market areas. 

Merchandising to meet the precise needs of to- 
day’s widespread industry developments, has taken 
on new stature and requires special training and 
skills. The management of CF&lI’s sales div. early 
recognized this new concept of scientific product 
distribution, and organized their entire selling effort 
to coordinate with new advances being made in 
machinery design, metallurgical, and quality con- 
trol, and new techniques being developed in the 
diversified operating units of the corporation. 

This unanimity of effort in all departments has 
stimulated new product development, set higher 
standards of product quality, established new pro- 
duction records, improved customer service in a 
wider range of markets, and given new stability to 
the enterprise. 


Personnel Selection and Training 

CF&I’s merchandising program today starts with 
the careful selection of its sales personnel. Each 
applicant is given a thorough screening to make 
certain that his qualifications are suitable for the 
particular job for which his services are required. 


Merchandizing 


by F. S. Jones 


In many cases, for specialized product departments, 
it is sales-engineering education, experience, and 
aptitude that has been found to best meet the needs 
of customer sales contacts and coordinated effort 
with the technical departments of the mill. 

When a sales trainee starts his training program, 
he is first sent to the steel plant where the products 
he is to sell are manufactured. The extent of mill 
training depends on the new employee's background 
of steel sales experience, but in all cases is sufficient 
to give him a comprehensive grounding or review 
of the various mill operations. 

An employee starting in the sales dept. of the 
Pacific Coast div. of the corporation would be given 
an opportunity to study the products manufactured 
at the Oakland, and South San Francisco plants, as 
well as the products of the Colorado and Wickwire 
Spencer divs., which are distributed in the far west 
markets through the Pacific Coast sales organization. 

The same program is followed in the Wickwtre 
Sales div. Salesmen have an opportunity to observe 
and study operations at the Palmer, Morgan, and 
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Clinton, Mass., plants, and the company’s large 
plant in Buffalo. For the salesman interested in in- 
sect screen cloth, this would be seen in production 
at American Wire Fabrics Corp., Mt. Wolf, Pa. 

Two plants have been added to the Wickwire 
Spencer div. in recent periods—the plant at Clay- 
mont, Del., and the plant of the E. & G. Brooke Iron 
Co. at Birdsboro, Pa., and its subsidiary, the Rich- 
ard Ore Co. The Claymont plant is the only CF&l 
plant that produces wide flat rolled products. 

The John A. Roebling’s Sons Corp., with its plants 
at Roebling and Trenton, N. J., presents an interest- 
ing opportunity to members of its merchandising 
depts., in that the product range is so broad and 
many of the products so highly specialized. 

Merchandising methods of CF&I are interesting 
because they are so varied in scope. Most of the 
basic industries of this country use CF&I products, 
and the plan of overall expansion has been based on 
the fact that the corporation’s customers represent 
almost every important segment of the American 
industrial economy—mining, agricultural, oil and 
gas, railroad, construction, manufacturing, lumber- 
ing, electrical, shipbuilding, and others. These in- 
dustries serve both civilian and defense needs and in 
recent years have steadily expanded their capacity 
for production and service. 

The merchandising of steel, wire, coal, coke, and 
byproduct chemical products is not just a sales 
function of the corporation, but is much broader in 
aspect, and has the cooperative effort of operating, 
advertising, market research, traffic, accounting, 
financial and other administrative personnel. If a 
new product is under study, for example, all of 
these departments play an important part by de- 
veloping potential sales data, market surveys, cost 
estimates, engineering studies, transportation costs, 


financial data, advertising material, and other 
necessary steps. 
Successful merchandising requires a_ constant 


study of customer needs. The salesman has the 
responsibility of selling products that meet the 
customer's requirements and handling all details of 
the sale in such a manner that there will be repeat 
orders. This salesman might be a member of the 
general line products staff or he may be assigned to 
one of the specialty sales departments. In either 
case, sales education and background is important 
in efficiently contacting the customer. However, 
where technical sales are involved, an engineering 
background is essential, as well as thorough train- 
ing in the manufacturing process, metallurgy, and 
the specific applications of the product to a particu- 
lar need. 

CF&I’s sales dept., which includes the various 
divisions of the corporation and the thousands of 
products to be properly merchandised, is made up 
of both general line and specialty sales representa- 
tives. The field representatives who call on the 
customers are supported by sales assistants and 
office staffs, and all work under the supervision of 
district managers, division managers, product man- 
agers, and members of the sales executive staff in 
the general headquarters offices. 

The various sales divisions of the corporation 
with their general line and special product depart- 
ments, are each set up to function with assigned 
sales responsibilities; but under the coordinating 
policies of general headquarters sales offices. There 
is also a high degree of cooperative effort between 
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CF&l’s various sales divisions, since in addition to 
marketing its product in its own sales territory, 
many of the products are also sold in volume by 
other sales divisions in their market areas. 

Visits to the various plants of the corporation 
are also regular practice among the operating and 
technical staffs. This exchange of operating ideas 
and practices not only gives CF&I a large oper- 
ating and research staff, instead of separate and 
isolated plant units, but makes for greater efficiency 
of overall operations and helps to build unity and 
teamwork throughout the entire organization. 

Sales to mining companies often present problems 
which require the cooperation of CF&lI’s sales and 
technical staffs. The effective use of grinding media, 
the proper placement of rock bolts, the correct ap- 
plication of industrial screens, are only a few ex- 
amples of the sales-engineering services offered. 

Some of the other important specialty sales de- 
partments, which are headed by product managers, 
and follow the same general pattern of sales and 
technical service, are wire rope, Realock chain link 
fence, grader blades and cutting edges, springs, 
screens, wire, hardware, electric wire and cable, 
export, and coke and byproduct chemicals. 


Product Distribution 


Through the years CF&I has also placed great 
dependence on distributors in the merchandising of 
its steel and wire products. These distributors, 
many of whom have handled CF&l’s line of products 
for over 50 years, are the connecting link between 
the mill and the ultimate consumer. They have also 
modernized their stores and related facilities, built 
up extensive sales organizations, and been of ines- 
timable value in maintaining prompt and efficient 
distribution service, and helping to keep the sales 
and research organizations alerted to the changing 
demands of their particular market areas. 

CF&I has also established warehouses at various 
points throughout the country, primarily as a 
supplementary service to the handling of its sales 
through distributors. Well equipped warehouse 
stocks and prompt service, particularly in products 
such as wire rope, are a convenience to the distribu- 
tor. Warehouses also have an important function in 
certain trade areas that are not adequately covered 
by distributors. They are a useful medium for intro- 
ducing new products, and for stocking certain 
ducing new products, and stocking certain products 
not normally stocked by the distributor. 

The most recent development in CF&l’s expan- 
sion program is the new seamless tube mill that 
has been built at the Pueblo plant. The products of 
this mill, principally casing and tubing at the out- 
set, have been designed primarily for the oil country 
goods market. The merchandising of this impor- 
tant new line of products will again be fully co- 
ordinated with operating, engineering, and tech- 
nical research personnel. 

Not many years ago, CF&I’s annual sales were 
about $50 million. Today’s sales goals in a full year 
of uninterrupted activity are expected to run about 
$300 million. Ingot capacity has been more than 
doubled and now totals 2,466,000 tons. Many new 
products have been added and many new industries 
and new market areas are being served. This rapid 
expansion has created a new and exciting challenge 
in the field of merchandising and all of its related 
activities. 


System Ag,O-B,O,; Its Thermodynamic Properties as A 
Slag Model 


by G. M. Willis and F. L. Hennessy 


The oxygen pressure in equilibrium with silver and Ag.O-B.O, 
melts has been measured between 800° and 900°C, to obtain the 
thermodynamic properties of the liquid. The compound Ag.O-4B.0, 
appears to exist in the liquid, which shows marked heat content 


and entropy effects. 


KNOWLEDGE of the thermodynamic proper- 

ties of binary liquid silicates, borates, and phos- 
phates would be of considerable assistance in the 
interpretation of the behavior of multi-component 
metallurgical slags. However, the literature con- 
tains comparatively few studies of the thermody- 
namics of binary slags. 

The system Ag,O-B,O, attracted our attention as 
it was known to give a single liquid phase,”* in 
which high contents of silver could be obtained (up 
to 61 pet Ag according to Foéx’). Further, it would 
be expected that the partial pressure of oxygen over 
melts in equilibrium with metallic silver could be 
used to determine the activity of Ag,O in the Ag,O- 
B.O, system. In many respects, it may be expected 
that the reaction of a basic oxide with boric oxide 
would be analogous to its reaction with silica. 
Liquid immiscibility frequently occurs in both 
borate and silicate systems. With B.O, and SiO, re- 
action with a basic oxide presumably involves a 
breakdown of the three-dimensional network of the 
acid oxide by reaction with oxygen atoms common 
to more than one silicon or boron atom. Ag,O-B,O, 
was therefore investigated as a model of a slag 
system in the hope that its thermodynamic proper- 
ties would assist in understanding those of other 
systems. 

Several methods for determining the activity of a 
component in a slag have been described in the lit- 
erature. Chang and Derge* used high temperature 
electromotive force measurements to obtain the ac- 
tivity of SiO, in CaO-SiO, and CaO-Al,O,-SiO, slags, 
but the cell reaction in their work is not clear.’ Cal- 
low has used rate of volatilization and vapor pres- 
sure measurements combined with phase diagrams 
to obtain activities in the systems K,.O-SiO., Na,O- 
SiO., and Li,O-SiO,’ and PbO-SiO,.°. Taylor and 
Chipman’ extrapolated their results for the distribu- 
tion of FeO between liquid iron and CaO (+MgQO)- 
FeO-SiO, slags to obtain the activity of FeO in the 
binary FeO-SiO, system. 
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In principle, one of the most direct methods for 
obtaining the activity of a metallic oxide in a phase 
is by comparison of the equilibrium oxygen pressure 
for the system metal-pure oxide with that of metal 
oxide-containing phase. Schenck and others” have 
studied the stabilization of Ag.O on combination with 
other oxides (MO,) in the solid state by measure- 
ments of the oxygen pressure in systems of the type 
Ag-Ag.O-xMO,-MO,-O, (gas). Schuhmann and 
Ensio” have determined the activity of FeO in iron 
silicate slags in equilibrium with solid iron, using 
CO/CO, mixtures to establish known partial pres- 
sure of oxygen. Although the method gives the 
activity of FeO without ambiguity, the slag is not 
a binary system, and interpretation of the results in 
terms of the hypothetical binary system FeO-Si0O, is 
not possible. 

If a metal is solid at temperatures at which the 
properties of the slag containing its oxide are to be 
studied, this method has the considerable experi- 
mental advantage that the metal can be used as the 
container for the slag, and contamination by con- 
tact with refractories is avoided. In this work, 
crucibles for Ag.O-B,O, melts were made from silver, 
and the liquid brought to equilibrium with definite 
pressures of oxygen gas. The oxygen pressure Po, 
thus fixes the activity of Ag.O in the liquid silver 
borate. For the reaction 

+ 
at a given temperature. 


a’Ag 
aAg,O 


Ag.O (in slag) 


K [1] 
and since dy, is substantially constant, dsx,.o is directly 
proportional to the square root of the equilibrium 
oxygen pressure. Varying the oxygen pressure 
changed the silver oxide content of the liquid and 
it was possible to obtain the activity of Ag.O over a 
range of composition. 


Experimental Procedure 
In principle, the method consisted of bringing 
melts in silver crucibles or boats to equilibrium at 
a fixed temperature under a definite pressure of 
oxygen and analyzing the glass after solidification. 
Materials: B.O, glass was prepared from A.R. 
quality boric acid by fusion in platinum. The silver 
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Fig. 1—The composition of Ag.O-B.0, melts as a function of the 
oxygen pressure. For clarity, the experimental points at very low 
pressures are not shown. 


used was the purest available, and contained less 
than 0.002 pct Cu as the largest impurity followed 
by lead at less than 0.0005 pct. No contamination of 
the melts by these elements could be detected. 
Cylinder oxygen was purified by passage over CaCl,, 
ascarite, and P,O,. Regular determinations of the 
oxygen content of the gas were made, and correc- 
tions applied to the measured pressure. The same 
purification train was used in some experiments 
which were run using air, and one with cylinder 
nitrogen which contained 0.411 pct O,, determined 
by the method of Powell and Joy.” A.R. quality 
AgNO, was used to prepare silver-rich glasses by 
melting it with B,O, glass in silver. 

Temperature Control and Measurement: Care was 
taken to insure uniformity of temperature over a 
considerable distance within the furnaces; this was 
facilitated by lining them with silver sheet. Tem- 
peratures were controlled by Cambridge controllers, 
actuated by thermocouples placed near the furnace 
windings. These controlled a small fraction of the 
total furnace current, in order to minimize fluctua- 
tions in temperature. Temperatures were measured 
by calibrated thermocouples and potentiometer, and 
the temperatures are believed to be accurate within 
£1°C. 

Pressure Measurement and Control: Here, the 
experimental methods varied considerably depend- 
ing on the range of pressure in use. For high pres- 
sures, a mercury manometer was used; for lower 
pressures, a butyl phthallate manometer, and to 
extend the measurements to liquids comparatively 
low in the Ag.,O a McLeod gage was required. Ex- 
cept for runs with a total gas pressure of substan- 
tially 1 atm, gas pressures had to be controlled. In 
the higher pressures, this was done by using the 
manostat described by Spadero, Vix, and Gastrock.” 
For the lowest pressures, a needle-diaphragm valve 
provided a controlled and sensibly constant leak of 
oxygen into the furnace system. 

For experiments at high pressures, it was neces- 
sary to use silver crucibles suspended by silver wire 
in a vertical tube furnace, as the silver borate crept 
rapidly up the walls of boats, and only at low 
oxygen pressures was it possible to keep the melt 
in a silver boat in a horizontal furnace. Even with 
relatively high crucibles “creeping” of the liquid 
was a continuous difficulty; it was often necessary 
to collect (in a silver tray beneath the crucible) the 
liquid which had crept over the edge and finally 
dripped off the bottom, and return this to the crucible 
to have sufficient liquid on hand. 
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In all cases, a continuous flow of oxygen was 
maintained through the system. Pressures below 
atmospheric were maintained by a small vacuum 
pump on the outgoing end of the system. Before 
commencing a run, the whole train was tested to 
insure that it was gas tight. 

Preliminary experiments were run approaching 
equilibrium by bubbling oxygen from a silver tube 
through liquid B.O, in silver crucibles. (The bubbling 
stopped as the liquid crept up the walls of the cru- 
cible.) About five days were required for the liquid 
to attain constant composition. Equilibrium could 
be reached much more rapidly (one to two days) 
from the silver-rich side, and so most of the results 
were obtained by the decomposition of melts initially 
richer in Ag.O than the equilibrium value. These 
melts were prepared from B,.O, and metallic Ag, or 
by fusing AgNO, with B.O, in silver. Liquids equi- 
librated at high Po, could be used as starting mate- 
rials for lower Po, runs. 

Sampling: Upon withdrawal from the furnace, the 
crucible or boat and its contents were rapidly cooled 
in a jet of air. The resulting glass was crushed and 
a sample for analysis taken and stored in a weigh- 
ing bottle in a desiccator. Experiment showed no 
effect of different rates of cooling; there was no sign 
of gas evolution from the liquid, and the sluggish- 
ness of the reactions makes it unlikely that any ap- 
preciable change in composition took place during 
cooling. Samples taken from the top and the bottom 
of a crucible were identical in composition. After 
taking.a sample, the container was returned to the 
furnace to continue the run. 

Analysis: Prolonged heating of the silver container 
resulted in grain growth and the melt penetrated 
along the grain boundaries of the metal, and occa- 
sionally a large crystal of silver would become de- 
tached, and sink to the bottom of the liquid. To 
insure that no such crystals were present, the sample 
was examined under a binocular microscope. As a 
further check, both silver and B,O, were determined. 

For the determination of silver, the weighed sam- 
ple of glass was dissolved in dilute HNO, and the 
solution titrated with standardized NH,CNS. B,O, 
was determined by dissolving the sample in water, 
precipitating the silver as AgCNS, boiling gently to 
remove CO, taking care not to drive off boric acid, 
and adjusting to neutrality to methyl orange if re- 
quired. Mannitol was then added and the B.,O, ti- 
trated in the usual way with CO,-free NaOH. Check 


Table |. Silver Content in Ag.O-B.O, Melts in Equilibrium 
with Solid Silver and Oxygen 


t = 850°C 


t= 900°C t = 800°C 
we 1xPo, we 1OxP., we (Atm) 
Pet Ag (Atm) Pet Ag (Atm) Pet Ag 10°xPo, 

544 998 58.40 1.000 42.79 8.7 
49.27 260 52.19 261.2 40.04 49 
48.88 184. 51.04 191.5 34.95 2.2 
48.81 185 51.00 190 28.31 0.99 
47.93 128.9 50.84 160 23.01 0.59 
44.96 52.; 50.18 137% 15.88 0.22 
43.44 34.2 49.46 104.4 9.73 0.06 
41.82 22.1 48.11 65 
38.57 10.1 46.27 38.9 
35.14 48 46.19 38 
31.65 2.82 41.22 11.7 
24.20 1.3 39.94 8.0 

17.26 0.5: 37.12 42 

12.15 0.30 29.37 16 

6.08 0.09 19.36 0.5 

14.8 0.26 
8.51 0.09 
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analyses on known samples of AgNO, + B,O, showed 
these methods to be reliable. 


Experimental Results 

The composition of the liquid was well-defined 
for any given Po, and good agreement was obtained 
between the occasional duplicates. For example, at 
850°C silver contents of 58.4, pct and 58.3, pct were 
obtained in two runs with oxygen pressures of 1.00, 
and 0.99, atm, respectively. Similar agreement was 
found between melts prepared by synthesis and de- 
composition. At 850°C and Po, 0.0042 synthesis 
gave 37.12 pct Ag while decomposition gave 37.24 
pet. As a rule, runs were continued until the com- 
position had remained constant over 48 hr. 

Fig. 1 shows the composition of the liquid at 800°, 
850°, and 900°C as a function of the partial pres- 
sure of oxygen; the experimental data are sum- 
marized in Table I. At 800°C equilibrium could not 
be attained at higher oxygen pressures and the glass 
was found to contain a small amount of a second 
phase, which was not identified. The silver content 
of the glass is clearly determined by the oxygen 
pressure and the temperature, and there is little 
doubt that the silver is present in an oxidized form, 
and not as dispersed metal. The glasses were a clear 
lemon-yellow color, and showed no sign of colloidal 
metal on examination with the ultra-microscope. 
The well-defined silver content would not be ex- 
pected if the metal were present in colloidal form. 

If the silver content is calculated as Ag,O then 
the sum of Ag,O and B,O, has been found to be 
100.0 pet to within the analytical error of about 0.1 
pet on the total. Furthermore, determination of the 
oxygen content by loss in weight on decomposition, 
showed the oxygen to be equivalent to the silver 
calculated as Ag,O. 

The melts may therefore be regarded as contain- 
ing Ag.O and B,O, and any departure from stoichio- 
metry of the system, or silver present in the atomic 
state as suggested by Weyl,” is less than the analyt- 
ical errors. 

These results are in agreement with the observa- 
tions of Bogitch,” Kubachewski,* and Stookey,” all 
of whom found the silver content of silicate glasses 
to be increased by increasing the oxygen pressure 
and therefore consider it to be present as oxide. 

Fig. 2 shows the activity of Ag,O as a function of 
composition at 850°C. Since the activity of the dis- 
solved Ag,.O is proportional to P'*,, it is convenient 
to define the standard state of unit activity of Ag,O 
as that for which Po, 1 atm in equilibrium with 
pure solid silver. Then, the activity of the Ag,O (a,) 
is simply given by P’*o, when Po, is in atmospheres. 
The activity of the B,O,(a,) is obtained from the 
Gibbs-Duhem equation, and shows strong negative 
deviations from Raoult’s law. For dilute solutions 
the Ag.O appears to obey Henry’s law, as shown in 
Fig. 3. In view of the experimental errors at the 
low O, pressures involved not much weight was at 
first given to the linear relation. However, as will 
be shown below, the partial molar heat of solution 
of Ag.O in the dilute solution is constant, as it 
should be, and it is thought that the results are 
significant. 

Discussion of Results 


Nature of the Dissolved Silver Oxide: The pro- 
portionality between activity and mol fraction for 
Ag.O in dilute solution implies that it is present as 
an entity of the type Ag,O-nB,O, rather than 
144Ag.0-nB.O,, where “nB,O,” indicates that por- 
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Fig. 2—Activities of Ag.O and B.O, at 850°C. The standard 
state for Ag.O is the melt in equilibrium with silver and oxy- 
gen at | atm: that for B.O, is the pure liquid. 
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tion of the B,O, which has been affected by the Ag,O. 
The solution may therefore be regarded as contain- 
ing Ag,.O solvated by B,O, rather than one in which 
Ag’ ions are dispersed throughout the liquid as in- 
dependent species. “Dissociation” of Ag,O apparently 
does not occur. 

The reason for this behavior is probably that 
when Ag,O is introduced into the B,O, the O° ion, 
whether it changes the coordination number of B 
from 3 to 4, or breaks a B-O-B bond, produces “un- 
saturated” oxygens in the network, and the Ag’ ions 
remain in the immediate neighborhood of these 
oxygens. This tendency for the cations to remain 
together to make the maximum use of what “un- 
saturated” oxygens are present in dilute solutions 
of oxides was recognized by Warren,” and the re- 
sults are consistent with his picture of the structure 
of glasses. 
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Fig. 3—The activity a,(--P'%.,) of Ag,O in dilute solutions 
in B.O,. 


OCTOBER 1953, JOURNAL OF METALS—1369 


ar: 
Tee 
it 
> 
0.10) 
0.08 | 
Poa. 
0.04 
0.02 
|. 


~1060}—— 


— 2000}— +— 


-4000}— 


-$000}— 


-—8000 


-10000 


PARTIAL MOLAR AND TOTAL FREE ENERGIES IN CALORIES 
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Fig. 4—Partial molar free energies of Ag.O (G,) and B.0,(G,) 
in Ag,O-B.0, melts; integral free energy of formation of | 
mol Ag.O + 8B.0,(\G). Standard state for Ag.O: silver and 
oxygen at | atm. 


For the SiO, liquidus in the alkali oxide-silica 
systems, Kracek” showed that a plot of log N SiO, 
vs 1/T gave a straight line for very dilute solutions, 
indicating that Henry’s law is obeyed by the alkali 
oxides in SiO,. The same considerations appear to 
apply to dilute solutions in both SiO, and B.O,,. It is 
to be expected that as the proportion of basic oxide 
in a melt increases, and an ample supply of “un- 
saturated” oxygens is available, “dissociation” of 
oxides should occur giving more or less independent 
cations. 

Compound Formation in Ag,O-B,O,: Although the 
standard state for Ag,O used above is convenient, 
it is of interest to use solid Ag.O as the standard 
state. This of course requires a considerable extra- 
polation of the experimental results on which the 
thermodynamic data for Ag,O are based. For the 
purposes of illustration, exact numerical values are 
not required. The use of solid Ag.O as the standard 
state for Ag,O then makes it possible to express the 
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activity of Ag,O in the melt relative to that of a 
more common single phase, viz., the oxide. 

For the reaction 

2Ag(c) %0.(g) Ag.O(c), 

Thompson” gives the standard free energy change 
AG -6690 + 14.61 T. At 850°C, the dissociation 
pressure of O, is 6000 atm or the numerical value 
of K in Eq. 1 is (6000) ** = 77. To convert the activ- 
ities of Ag.O to the new standard state, the values 
in Fig. 2 have to be multiplied by 1/77 = 0.013. It 
is clear that Ag.O shows marked negative deviations 
from Raoult’s law, and even if it were possible to 
use liquid Ag,O as a standard state, the general 
trend would not be greatly altered, as no great dif- 
ference in thermodynamic properties between solid 
and liquid oxide would be expected. 

The classical explanation of pronounced negative 
deviations from Raoult’s law is to ascribe them to 
compound formation. In the dilute solutions, com- 
bination between Ag,O and B.O, undoubtedly occurs, 
but the fact that the solution obeys Henry’s law im- 
plies that the greater part of the B,O, is unaffected 
by the presence of the Ag.O. 

Fig. 4 shows the partial molar free energy G, of 
Ag,O at 850°C. This is equal to R T In a,; the curve 
shown refers to Po, 1 atm as the standard state 
for Ag.O. The curve shows a weak inflection at 
about N, 0.2. Such an inflection is analogous to 
that found at the end-point of potentiometric titra- 
tions. Comparison of the activity and the partial 
molar free energy curves for Ag.O shows that the 
latter function is more suitable for the recognition 
of compound formation, if it is assumed that an 
inflection does in fact correspond to a compound at 
the particular composition. This is certainly true for 
Na,O-SiO, melts, for which the G vs mol fraction 
curves show marked inflections at the metasilicate 
composition.” (For compositions near the metasil- 
icate calculations can be made by the method of 
Hauffe and Wagner.”’) It is suggested that partial 
molar free energy curves are worth further atten- 
tion as a means for recognizing “end-points” in the 
reaction between acid and basic oxides in the liquid 
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Fig. 6—Ln a, (InP'2,.) vs 1/T plots at constant composition; 
the curves 1, 2... . 13 refer respectively to mol fractions of 
Ag,O of 0.0168, 0.0349, 0.0545, 0.0760, 0.099,, 0.124,, 0.153, 
0.184,, 0.205,, 0.219,, 0.242, 0.258., 0.293.. 


In the Ag.O-B.O, system, the inflection is not suf- 
ficiently definite to fix precisely the composition of 
the compound. In alkali oxide-B,O, systems, com- 
pounds of the type M.O-4B.0O, are well-known, and 
to judge from their melting points, comparatively 
stable. Ag.O-4B,O, has been described by de Carli® 
as a solid compound, with a melting point of 570°C, 
and apparently is the only compound recognized by 
thermal analysis of melts in the range of composi- 
tion studied (3 to 5 mol B,O, per mol Ag.O). This 
additional evidence makes it possible to ascribe the 
inflection to the formation of the compound Ag,.O - 
4B.O, in the melt. The slight inflection shows that 
the compound formed in the melt is comparatively 
weak. 

The partial molar free energy curve for Ag,.O in 
Fig. 4 may be converted to that for solid Ag,O as 
the standard state by subtracting 9680 cal through- 
out (Thompson’s equation gives the standard free 
energy of Ag.O as + 9680 cal at 850°C). Combining 
this with the data for B,.O,, the integral free energy 
may be calculated for Ag,O-4B.O, at 850°C. For 
a total of one mol Ag.,O + B.O,, the value is —3500 
eal. 

For the reaction 
Ag.O(c) + 4B.0,(1) = Ag.O 4B.0,()), 
the free energy change is —17,500 cal at 850°C. 
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The integral free energy of the liquid relative to 
Ag.O(c) and B,O,(1) is shown in Fig. 5. If con- 
tinued, there are two possibilities for the curve. If 
850°C is below the (unknown) melting point of 
Ag.O, it must become tangential to a line from 
N, 1,G 0 corresponding to saturation with solid 
Ag.O. If 850°C is above the melting point of Ag,O, 
the curve must conclude at N, 1 at the value of 
the free energy of the liquid oxide. The regions to 
the right of the diagram of course are unstable 
except at very high oxygen pressures. It is probable 
that there is a minimum in the free-energy curve at 
some higher concentration of Ag,O indicating some 
more basic compound may exist. The precipitation 
of Ag.O-B,O, from aqueous solutions would indi- 
cate that it is comparatively stable at room tem- 
perature but at elevated temperatures it would not 
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Fig. 7—Partial molar heat content changes for Ag.O(H. and 
B.0,(H,) in Ag.O-B.O, melts; integral change in heat content 
for | mol Ag.O + B.O (AH). Standard state for Ag.O: silver 
and oxygen at | atm. 
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Fig. 8—Partial molar 
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be stable except under high oxygen pressures. An 
approximate calculation” of the free energy of for- 
mation at room temperature of Ag.O-B,O, from 
Ag.O(c) and B.O,(glass) gives —14,000 cal, which 
is not inconsistent with the possibility of its exist- 
ence in melts at elevated temperatures. 

Heats of Solution: From curves of P'*o, vs N, at 
each temperature, values of P'*o, were read at a 
series of constant compositions of the liquid. From 
plots of log P'*», against 1/T at constant composition 
(Fig. 6) the partial molar heat content change was 
obtained for the reaction 

2Ag(c) + %O,(g) Ag.O (constant N, in melt). 

The change in partial molar heat content for Ag.O 
(H.) is given in Fig. 7 along with that for B,O, 
which is obtained by the Gibbs-Duhem equation. 
For dilute solutions, H, is constant, as it should be 
for solutions in Henry's law region. 

With increasing Ag,O content, H, decreases, indi- 
cating that Ag.O is bound in sites of lower energy 
as the proportion of oxide increases. A possible in- 
flection occurs at N, 0.2 followed by a further 
drop in H,. 

The inflection in H, may be expected when com- 
pound formation occurs in a liquid. Marked changes 
in H should occur on passing through the stoichio- 
metric composition as the structure of the melt 
changes. 
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The general decrease in H, here as the Ag,O con- 
tent increases shows that the structure of the melt 
changes so as to provide on the average sites of 
lower energy for the Ag.O. In general, sites of lower 
energy would be those in which some appropriate 
co-ordination of oxygen around silver is attained. 
The form of the curve suggests that after the com- 
position Ag,O-4B,.O, is passed, a further change 
in structure of the liquid occurs, and another in- 
flection may be expected at higher Ag.O concen- 
trations. Up to N, = 0.2, the liquid may be visualized 
as having steadily increasing proportions of the 
arrangement more or less characteristic of the com- 
pound; for higher Ag.O contents, it is possible that 
the structure gradually changes to one associated 
with a higher compound. 

Integral heat content curves are given in Fig. 7 
for 2Ag + %O, and in Fig. 5 for Ag.O. The shapes 
of the curves are unusual; somewhat similar be- 
havior may be recognized in liquid Cd-Sb alloys, 
which have been studied by Elliott and Chipman.” 
The AH curve also suggests the existence of another 
silver borate, as peaks in integral heat content curves 
are generally associated with compound formation, 
and the curves must have minima at high Ag,O 
concentrations. 

To account for the miscibility gap in some silicate 
systems, Warren” ™ suggested that the energy would 
be a minimum when the cations were able to sur- 
round themselves with a sufficient number of co- 
ordinated oxygens, i.e., when sufficient basic oxide 
was present. The results here are consistent with 
this viewpoint, but of course cannot give any in- 
formation as to the constitution of the liquid. 

The partial molar heat of solution of liquid FeO 
in iron silicate slags was found by Schuhmann and 
Ensio” to be independent of composition. This result 
is in marked contrast to the observations here; the 
reason for the disparity must be decided by further 
work on suitable systems. 

Entropy Changes: From plots of G, at constant 
composition against T, it is possible to obtain S., the 
partial molar entropy of the Ag.O in the melt, since 

0G 
oT 
relation 


—S. This can also be obtained from the 


S = (H—G) /T. 


The use of the two methods provides a useful check 
on the errors in interpolation and in graphical in- 
tegrations. The partial molar entropy of solution of 
B.O, was obtained by using the “entropy fractions” 
suggested by Kleppa®™ to make use of the Gibbs- 
Duhem equation. Fig. 8 shows the entropy change 
for the reaction 

2Ag + %O.(g) Ag.O (constant N, in melt) 
while the integral entropy of the liquid is shown in 
Fig. 5 where the components are solid Ag.,O and 
liquid B,O,. Thompson’s equation was used to obtain 
a mean value of the entropy of formation of Ag,O. 

The curves show no resemblance to those for the 
ideal entropy of mixing. For the dilute solutions, 
S, is equal to constant —R InN,, as it should be for 
solutions obeying Henry’s law. As N, increases, Ss, 
decreases rapidly as the composition Ag,O-4B.0, is 
approached, and presumably indicates the develop- 
ment of some ordered arrangement in the liquid. At 
the stoichiometric composition of a compound, the 
liquid structure will resemble that of the crystalline 
solid, without the long-range order of the solid, but 
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with the same cations occupying similar sites, with 
average co-ordination numbers much the same, and 
the anionic network consisting of substantially the 
particular poly-anion characteristic of the crystal. 
For compositions of the liquid other than the stoichi- 
ometric, more than one type of ion may be present, 
and a variety of sites for the cations may be imag- 
ined, depending on the types of anions, or the extent 
to which the network of the acid oxide has been 
broken down in the vicinity of the cations. Consid- 
erations of this sort suggest that the stoichiometric 
liquid is “ordered” compared with liquid of differ- 
ent composition. 

In liquid alloys, entropy effects associated with 
compound formation exist in the systems Cd-Sb™ 
and Au-Sn.” 

In the present example, the effect due to ordering 
may explain the behavior for N, less than 0.2, but an 
increase in the total entropy would be expected 
again at higher Ag.O concentrations. The liquid 
Ag.O-4B.0, should, on the picture outlined above, 
have a lower entropy than liquids whose composi- 
tions lie on either side of it. The observed behavior 
is probably associated with the increased strength of 
bonding of Ag.O (shown by the changes in H.) as 
the concentration increases. There is a rough corre- 
lation between the changes in H, and S., except for 
Henry’s law region. If this is significant, it indicates 
a decrease in entropy as the Ag.O becomes more 
firmly held in the liquid. Tentatively, the decrease 
in entropy for N, greater than 0.2 may be identified 
with the loss in “vibrational” entropy which must 
be assumed to mask the expected increase in con- 
figurational entropy. Tightly bound Ag’ ions of course 
have less freedom than loosely held ones, so the 
entropy change will be of the correct sign. 


Conclusions 
The observations in general confirm Warren’s 
views on the nature of the interaction between basic 
oxides and the network-forming oxides. The use of 
the partial molar free energy and heat content 
curves appear to offer a suitable criterion for the 
recognition of compounds in the liquid state. In 
Ag.:B.O, melts Ag.O-4B.O, appears to be just recog- 
nizable as a compound, and there are indications of 
another compound richer in Ag.O outside the region 
studied here. 
As the proportion of Ag.O in the liquid increases, 
the Ag.O becomes more firmly held; at the same 
time, marked changes in entropy occur, the signifi- 


cance of which is not clear. Conclusions of general 
validity must await more work on the thermody- 
namic properties of slag systems, but most of the 
effects observed here may be expected in other 
borate and silicate systems. 
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Technical Note 


Some Effects of Microstructure Upon Temper Brittleness 
by D. C. Buffum and L. D. Jaffe 


ARLY papers'* reported that temper brittleness 

is influenced by microstructure. This conclusion 
was based on room temperature impact tests, the 
inadequacy of which has been pointed out.** Pellini 
and Queneau’ measured impact energy absorption 
at —80° to +25°C for several microstructures. On 
the basis of the shift, associated with temper 
brittleness, in the energy vs testing temperature 
curve they concluded that tempered martensite is 
somewhat more susceptible to temper brittleness 
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than is tempered pearlite. The range of tempera- 
tures was insufficient to give complete curves 
covering the transition from tough to brittle be- 
havior, so it is difficult to evaluate quantitatively 
the shift for the different microstructures. Also, the 
smaller shift of pearlite might be attributed to its 
already being temper embrittled at its temperature 
of formation.”” 

Accordingly, blanks 2 3/16 in. long were cut from 
a heat of SAE 3140 hot rolled steel barstock, 5/8 in. 
diameter, on which other work has been reported.’ 
A set of blanks was austenitized 1 hr at 900°C, 
water-quenched, tempered 16 hr at 675°C, and 
water-quenched, giving a microstructure of 100 pct 
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tempered martensite. A second set of blanks was 
austenitized 1 hr at 900°C, quenched in salt at 
625°C, held 8 min, and water-quenched. The micro- 
structure was approximately 50 pct pearlite and 
50 pct proeutectoid ferrite. A third set was trans- 
formed to pearlite plus ferrite in the same way, then 
tempered 1 hr at 675°C, and water-quenched. Half 
of each set was embrittled by holding 48 hr at 
500°C and water-quenched. The heat-treated bars 
were machined into standard V-notched Charpy 
specimens, which were tested over a range of tem- 
peratures on a standard 217 ft-lb Charpy machine 
(striking velocity 16.8 ft per sec) with the results 
shown in Fig. 1. 

The temperature of transition from tough to 
brittle failure (100 pct fibrous fracture criterion) 
was raised by the embrittling treatment 45°C in the 
tempered martensite and 20° to 30°C in the pear- 
lite-ferrite structures. It cannot be assumed that the 
embrittlement is directly proportional to the trans- 
ition temperature increase, but it would appear that 
a given amount of embrittlement would produce, 
roughly, a certain number of degrees increase in 
transition temperature, a certain percentage in- 
crease in transition temperature, or” a certain de- 
crease in the reciprocal of the transition tempera- 
ture. On any of these bases, the observed embrittle- 
ment was greatest for the tempered martensitic 
steel. Also, without intentional embrittlement, the 
transition temperature of the tempered pearlite 
plus ferrite (+40°C) was the same, within experi- 
mental error, as that of the untempered pearlite 
plus ferrite (445°C). If the pearlite and pro- 
eutectoid ferrite had been significantly temper em- 
brittled at their temperature of formation, it would 
be expected that the subsequent tempering treat- 
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Fig. 1—Impact energy and fracture appearance vs temperature of test. 
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ment would have removed this embrittlement and 
significantly lowered the transition temperature.” 

Thus, in the experiment conducted, pearlite and 
ferrite formed isothermally did not become signifi- 
cantly temper brittle during their formation. For 
a fixed embrittling treatment, less temper brittle- 
ness developed in pearlite and proeutectoid ferrite 
than in tempered martensite of the same composi- 
tion. 
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Effect of Chloride on the Deposition of Copper, in the Presence 


Of Arsenic, Antimony, and Bismuth 


by V. Hospadaruk and C. A. Winkler 


EVIOUS papers from this laboratory have dis- 

cussed the effect of chloride ion on the cathode 
polarization during electrodeposition of copper from 
copper sulphate-sulphuric acid electrolytes, in the 
presence and absence of gelatin.” The steady state 
polarization*” was found to decrease sharply and 
pass through a minimum with increasing chloride 
ion concentration in the presence of gelatin. The 
minimum shifted to higher chloride ion concentra- 
tions and to higher polarization values with increase 
in current density or gelatin concentration, while 
an increase of temperature shifted the minimum to- 
ward lower halide concentrations and lower polari- 
zations. 

Since these observations were made in acid- 
copper sulphate electrolytes that contained no other 
addend than gelatin, there was obviously the possi- 
bility that they were not applicable to deposition of 
copper from commercial electrolytes that contain a 
variety of other substances in relatively small 
amounts. In particular, it was of interest to deter- 
mine whether the presence of arsenic, antimony, or 
bismuth in the electrolyte would materially alter 
the behavior. Experiments have now been made 
under a variety of conditions with systems contain- 
ing these cations, and the results are summarized in 
the present paper. 


Experimental 

Polarization measurements were made at 24.5°C 
in a Haring cell in the manner described previously.” 
Electrolytes were made with doubly-distilled water, 
and contained 125 g per liter of copper sulphate and 
100 g per liter sulphuric acid, both of reagent grade 
Eimer and Amend gelatin from a single stock was 
used throughout. Chloride ion was introduced as re- 
agent grade sodium chloride, and arsenic, antimony, 
and bismuth by dissolving the chemically pure metal 
in hot concentrated sulphuric acid and adding ap- 
propriate amounts of the solutions to the electrolyte. 

Each cathode, of 1/16-in. thick rolled copper, was 
first etched in 40 pct nitric acid and washed thor- 
oughly with distilled water. The surface was then 
brought to a standard condition**® by electrodeposi- 
tion from an acid-copper sulphate electrolyte con- 
taining no gelatin, at a current density of 3 amp per 
sq dm for 30 min, followed by deposition at a cur- 
rent density of 2 amp per sq dm for 1 hr. 

As in previous studies, the cathode polarization 
eventually attained a steady-state value (15 to 75 
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min) such that further change in polarization did 
not exceed 0.2 mv per min. The polarization values 
recorded are those for the steady states. 

“Excess weights” were determined with arsenic 
and antimony present in the electrolyte, as the 
difference between the weights of the deposits ob- 
tained in the presence of these cations and those ob- 
tained in their absence, with the two cells con- 
nected in series. When gelatin was present along 
with the arsenic or antimony, it was also added to 
the electrolyte in the cell in series. 


Results and Discussion 

The results of the study are summarized in Figs. 
1 to 6. From Fig. 1, top, it is evident that the pres- 
ence of arsenic or antimony alone results in an 
increase of polarization, while bismuth alone causes 
a decrease. The presence of gelatin (25 mg per 
liter) rather drastically modifies all three cation 
effects, as indicated in the lower panels of the same 
figure. The addition of chloride ion, when no gelatin 
is present, causes comparable decreases in polariza- 
tion in the presence of antimony and bismuth, but 
a relatively larger decrease when the electrolyte 
contains arsenic. It is interesting to note that the 
decrease in polarization brought about by addition 
of chloride when both arsenic and antimony are 
present parallels the behavior with arsenic alone, 
while the polarization in the electrolyte containing 
the cation mixture, without chloride added, corre- 
sponds to that for an electrolyte containing only the 
antimony cation. Similarly, the polarization at zero 
concentration of chloride in electrolyte containing 
arsenic and bismuth is that corresponding to an elec- 
trolyte containing arsenic alone. 

From Figs. 3a, 4a and 4b, it is clear that, in the 
presence of gelatin at a level of 25 mg per liter, the 
effect of chloride in the presence of arsenic and 
antimony, or a mixture of the two, becomes quite 
analogous to that observed in the absence of added 
cations. When both bismuth and gelatin are present 
(Fig. 5), the decrease in polarization with increased 
chloride concentration is virtually absent. This is 
perhaps a reflection of the large decrease in polariza- 
tion brought about by the bismuth itself in the pres- 
ence of gelatin. 

The shifts of the minimum in the polarization- 
chloride concentration curves brought about by 
changes of temperature (Fig. 3b), gelatin concen- 
tration (Figs. 3c and 4c) and current density (Fig. 
3d) when the metal cations were present are all 
similar to the corresponding shifts observed in their 
absence.” 

The approximately linear “excess weight’’-anti- 
mony concentration relation recorded in Fig. 6 
would seem to indicate that antimony is codeposited 
with copper to a considerable extent. On the other 
hand, only very limited amounts of arsenic appear 
to be adsorbed or codeposited. 
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Fig. | (above) —Effect of arsenic, antimony, and bismuth on cathode 
polarization in the absence of chloride. a (top)—in the absence of 
gelatin. b (bottom)—In the presence of 25 mg per liter gelatin. 


Fig. 2 (below)—Effect of chloride on cathode polarization. a (top)— 
In the presence and absence of antimony, arsenic, and bismuth 
where gelatin is absent. b ‘bottom)—In the presence of antimony- 
arsenic and bismuth-arsenic mixtures. 
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Several cathodes were analyzed for their antimony 
contents, with the results given in Table I. It would 
appear that the presence of gelatin in the electrolyte 
encouraged inclusion of antimony in the deposits. 

While much more information about the factors 
responsible for metal polarization is obviously 


necessary for an adequate explanation of the ob- 
served behavior, 


some tentative suggestions may be 
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Fig. 4 (below)—Effect of chloride ion on cathode polarization. A— 
At different arsenic concentrations, in the presence of 25 mg per 
liter gelatin. B—At different antimony and arsenic concentrations, 
in the presence of 25 mg per liter gelatin. C—At different gelatin 
concentrations, in the presence of 1.6 g per liter arsenic. 
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Fig. 5—Effect of bismuth and chloride ion on cathode polari- 
zation in the presence of 25 mg per liter gelatin. 


made, following a line of thought that has been out- 
lined in earlier papers from this laboratory. Briefly, 
it has been proposed that if the active area of the 
cathode (as opposed to its apparent area) is in- 
creased from any cause the true current density, 
and concomitantly the polarization, are decreased: 
a decrease of active area is assumed to have the 
reverse effects. On this basis, the increase of polari- 
zation occasioned by the presence of gelatin in the 
electrolyte has been attributed to a decrease in ac- 
tive area on which deposition might occur. 

The decrease in polarization brought about by 
chloride ion in the presence of gelatin has been as- 
cribed to an increase of active area as a result of 
attack by the ion at those portions of the surface not 
covered by gelatin. Similarly, the presence of ar- 
senic, antimony, or bismuth on the cathode surface 
might induce corrosion, hence an increase of active 
area, as a result of local cell action. With arsenic 
and antimony in particular, the tendency for in- 
crease in active area from this cause would, perhaps, 
be partially offset by adsorption of oxides or oxy- 
acids of these substances. Such oxy-compounds may 
be formed, to some extent at least, by the local cell 
action responsible for the corrosion. In the absence 


Table |. Analyses* of Cathodes 


Antimony in 
Deposit, Pct 


Gelatin 
Antimony in Present, 
Electrolyte, 


Mg per Liter 


No Gelatin 
Present 


0.012 
0.052 
0.028 
0.068 


0.036 


e The analyses were made by the Analytical Laboratory, Canadian 
Copper Refineries, Montreal East. 
t Average of duplicate determinations. 
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of gelatin, the decrease in active area from adsorp- 
tion of oxy-compounds may be predominant over 
the increase in active area by corrosion. In the 
presence of gelatin, which may be assumed to cover 
existing active centers very effectively, there would 
probably be a predominant tendency for an increase 
in active area by corrosion at the relatively inactive 
portions of the surface. Without attempting a de- 
tailed analysis of all the features recorded in Figs. 
1 to 6, it does seem that the main features of the 
study may be tentatively accounted for by appro- 
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Fig. 6—The excess weight of copper deposited from acid 
copper sulphate electrolyte containing various amounts of 
antimony and arsenic in the presence and absence of 
gelatin. Current density: 2 amp per sq dm. 


priate assumptions about the relative extents to 
which active area may be decreased (by gelatin or 
oxy-compounds) or increased (by chloride ion at- 
tack or local cell action). Studies of the initial 
polarization pattern with a recording potentiometer, 
in the manner described recently,’ might materially 
assist in interpretation of the effect of metal cations 
on the polarization. 
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The Cold Rolled Texture of Titanium 


by D. N. Williams and D. S. Eppelsheimer 


The cold rolled textures of iodide titanium and of three samples 


of commercial titanium were examined using the Schulz-Decker 
Geiger counter technique. The iodide titanium and two of the three 
samples of commercial titanium showed a (0001) [1010] texture 
rotated 30° toward the transverse direction about an axis in the 
rolling direction. The third sample of commercial titanium showed 


a double texture. 


HE metals of the hexagonal system tend to de- 
form similarly if the c/a ratios are similar. 
Thus titanium, zirconium, and beryllium, with c/a 
ratios of 1.601, 1.590, and 1.570, respectively,’ should 
have similar cold rolled textures. The cold rolled 
texture of high purity iodide titanium has been de- 
scribed as (0001) [1010] rotated 30° toward the 
transverse direction about an axis in the rolling 
direction.” The texture of zirconium has also been 
reported as (0001) [1010] with a transverse rotation 
from the ideal position of approximately 30° about 
an axis in the rolling direction." This texture differs 
from that reported for titanium however since a 
continuous spread of (0001) poles toward the trans- 
verse direction was reported rather than distinct 
(0001) maxima 30° from the rolling plane normal. 
Beryllium has a texture similar to that of zirconium 
although the angle of transverse rotation of the 
(0001) poles is much less.‘ These three metals thus 
show a common type of cold rolled texture, as yet 
unexplained, which can be described as (0001) 
[1010] with various degrees of rotation toward the 
transverse direction about an axis in the rolling 
direction. 

Since titanium showed the greatest degree of ro- 
tation from the (0001) [1010] position, the cold 
rolled texture of titanium was re-examined using a 
semiquantitative Geiger counter X-ray technique to 
obtain more accurate experimental data from which 
a theoretical interpretation of this new type of hex- 
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Table |. Analyses of Titanium Samples Used 


Metallic 
Im- 
Sample H N o Cc purities (Diff.) 
lodide titanium ° 0.001 bd 0.102 99.90 
Comm. grade No. 1 0.014 0.024 0.109 002 O411 99.42 
Comm. grade No. 2 0.013 0.027 0.141 0.03 0.186 99.60 
Comm. grade No. 3 0.021 0.021 0.119 0.10 0.453 99.29 


* Not determined. 


agonal rolling texture could be developed. The cold 
rolled textures of iodide titanium and of three sam- 
ples of commercial titanium were determined. Table 
I gives the analyses of the titanium samples. 


Experimental Procedure 


Preparation of Samples: Prior to the final rolling 
operation each of the samples was given an initial 
reduction of approximately 50 pct and annealed to 
remove the gross effects of any previous treatments. 
Samples were annealed in vacuum, high purity 
helium, and air to determine whether annealing at- 
mosphere had any effect on the cold rolled textures 
developed. All samples were annealed 1 hr at 800°C. 

Grain size determinations were made using the 
formula, 


1075 | 
M n 


D (inmm) = 


in which n is the number of grains counted in an 
area A (in sq mm) and M is the magnification of the 
area counted.* This formula gives the diameter be- 
tween opposite flats assuming hexagonal grains. At 
least three areas containing more than sixty grains 
each were counted in each grain size determination. 
Rockwell B hardness readings were made on the an- 
nealed samples. The results of the measurements of 
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(0001) pole figure 


(0001) pole figure 


rolled 


Fig. 2—Cold 


cial Fig. 3—Cold rolled commercial titanium 


rolled iodide titanium. ®— 


(0001) [1010] rotated 30° toward the TD 
about on axis in the RD. 


Fig. 1—Cold 
tated 30° toward the 


in the RD. 


annealed grain size and hardness are given in Table 
II, as well as the final cold rolled reductions given 
each sample. 

The three commercial samples of titanium are not 
distinguished from one another other than by num- 
ber. All three were obtained from different sources 
and had different work histories. Although the com- 
mercial samples designated Nos. 1 and 2 were similar 
except for the annealed grain size, sample No. 3 had 
a second phase in the grain boundary region which is 
reflected in the hardness data. The origin of this grain 
boundary phase was not apparent from the analysis. 
The hardness varied considerably between samples 
but was evidently almost independent of grain size 
and annealing atmosphere. 

Cold Rolling Procedure: The annealed samples, 
approximately 1.5 cm wide and 0.33 cm thick, were 
rolled with small reductions per pass in a set of 2 in. 
laboratory rolls to a final thickness of approximately 
0.010 cm. About 80 passes were used to bring each 
sample to its final thickness. Sufficient time was al- 
lowed between passes to prevent temperature eifects. 
Edge cracking was noticed in all of the commercial 
grades of titanium beyond 60 pct reduction in area. 
No edge cracking was apparent in the iodide titani- 
um. Considerable increase in width during rolling 


sample number one. ®©—(0001) [1010] ro- 


sample number three. ®©—(0001) [1010] 
rotated 30° toward the TD about an axis 
in the RD. 


TD about an axis 


was noticed in all of the samples. An example of the 
rolling procedure is given in Table III. 

X-ray Examination: Pole figures were construct- 
ed for the (1010), (0001), and (1011) planes using 
the Schulz-Decker Geiger counter technique.’ This 
technique requires two samples for complete pole 
figure determination, one for use in making reflec- 
tion patterns and one for use in making transmission 
patterns. Laminated reflection samples were pre- 
pared from two pieces of the cold rolled material 
which had been etched after rolling in a HF, HNO,, 
H,.O solution (1:2:5 by volume) to 0.009 cm. Trans- 
mission samples were made by etching a third piece 
of the cold rolled material to approximately 6.001 


Table I!. Grain Size, Hardness, and Final Reduction of Samples 


Examined 
Annealed Rock- Final Re- 
Annealed Grain well B duction 
Sample In Size,Mm Hardness Pet 
lodide titanium Vacuum 0.102 <0 93.2 
Comm. Ti No. 1 Vacuum 0.045 83 95.8 
Comm. Ti No. 1 Air 0.045 83 49 
Comm. Ti No. 2 Vacuur: 0.011 84 95.7 
Comm. Ti No. 3 Vacuum 0.010 102 94.0 
Comm. Ti No. 3 Helium 0.008 107 78.3 
Comm. Ti No. 3 Helium 0.008 107 95.8 


TRANSACTIONS AIME 


* OCTOBER 1953, JOURNAL OF METALS—1379 


RD ae 
ve 
TD +8 
TO AD 
RD RB 
= To 
TD AD 
RD 
(1011) pole figure 
3 
(10oT1) pole figure 
‘ 
(1011) pole figure 
3 
2 e 
4 
s 
3 TD 
| 
TD 2 
ae 


c rcial tit 


Fig. 4—(0001) pole figures of cold rolled 
i sample number three. 
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cm. Transmission intensity readings were obtained 
with angles of revolution from 0° to 50° and reflec- 
tion readings made from 50° to 90°. Readings were 
made at 10° intervals of latitude and longitude on a 
polar stereographic net except in regions near the 
various maxima where more accurate information 
was necessary. 

After correcting the transmission data for the 
error due to absorption, using the formula devel- 
oped by Decker, Asp, and Harker,’ and adjusting the 
reflection data so that it would correspond with the 
corrected transmission data in the region of overlap, 
the maximum intensity was reduced to 70 intensity 
units and all other readings reduced proportionally 
for convenience of plotting. The intensity contour 
system of plotting was used with the contours for 
intensities of 60, 50, etc., shown on the pole figures 
by the numbers 6, 5, etc. 


Experimental Results 

The pole figures of iodide titanium reduced 93.2 
pet are shown in Fig. 1. The texture was found to 
be (0001) [1010] rotated 30° or more in the trans- 
verse direction about an axis in the rolling direction. 

The most noticeable feature of the pole figures 
was the high degree of preferred orientation which 
occurred in the rolling direction of the (1010) pole 
figure. The (0001) pole figure showed a consider- 
able spread of orientations along the transverse axis 
with a maximum of about 30° from the rolling plane 
normal. The low intensity of the (0001) pole figure 
at the rolling plane normal was particularly inter- 
esting. This minimum indicated that the ideal 
(0001) [1010] cold rolling texture common to sev- 
eral of the hexagonal metals was completely absent 
in titanium. Although the (1011) pole figure showed 
a less distinct preferred orientation, the positions of 
the (1011) maxima confirmed the texture indicated 
by the (1010) and (0001) pole figures. 

The commercial titanium samples Nos. 1 and 2 
showed a cold rolled texture almost identical with 
that of iodide titanium. The pole figures of the com- 
mercial titanium sample No. 1, annealed in vacuum 
before cold rolling, are shown in Fig. 2. The pole 
figures of the commercial titanium sample No. 1, 


rcial Tit Sample No. 2 


Table III. Rolling Procedure for C 


Num- 


Speci- Con- Reduction Increase in ber of 
men dition in Area, Pet Width, Pet Passes 
a Ann 0 0 0 
b cC.R 64.3 1.7 40 
d c.R 914 12.2 72 
e C.R 95.7 18.8 90 
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a—78.3 pct reduction in area. 


b—95.8 pct reduction in area. 


annealed in air before cold rolling, and No. 2, an- 
nealed in vacuum before cold rolling, were practi- 
cally identical with Fig. 2 and are not included. 

The pole figures of the commercial titanium sam- 
ple No. 3, annealed in vacuum before cold rolling, 
are shown in Fig. 3. A noticeable difference in the 
(0001) pole figure was seen in comparing Fig. 3 with 
Figs. 1 and 2. In this sample a second (0001) maxi- 
mum was apparent in the rolling direction 20° from 
the rolling plane normal superimposed on the nor- 
mal (0001) rotated texture. 

In the (1010) pole figure the only noticeable 
change was a slight increase in the intensity be- 
tween the two (1010) maxima causing them to be 
joined by the lowest intensity contour. The absence 
of definite maxima in the (1010) pole figure corre- 
sponding to the second maximum in the (0001) pole 
figure does not indicate an error in the results. Be- 
cause of the extremely high (1010) maximum in the 
rolling direction, all other maxima are effectively 
masked by the method of plotting used. Thus the 
second maximum in the (1010) pole figure of Fig. 1, 
for example, is only about 10 intensity units. This 
orientation has an intensity of 70 intensity units in 
the (0001) pole figure. 

The (1011) pole figure showed a more random 
orientation in Fig. 3 than in Figs. 1 and 2 with an 
increase in (1011) intensity near the rolling direc- 
tion. This is probably due to the second texture 
present. 

The (0001) pole figures of the commercial titani- 
um sample No. 3, annealed in air before cold rolling, 
are shown in Fig. 4. These pole figures show the 
variation in texture with increased reduction in 
area. The double maxima noticed in Fig. 3 were ap- 
parent in both pole figures. An (0001) maximum 
was apparent in the transverse direction in the 
specimen reduced 78.3 pct. A small increase in the 
(0001) intensity was noticed in all of the pole 
figures near the transverse direction but in the case 
of higher reductions it was usually too slight to ap- 
pear with the method of plotting used. 


TO. 


Discussion of Results 

From the pole figures of two of the commercial 
samples of titanium and from the iodide titanium 
it is apparent that the ideal cold rolled texture can 
be described as (0001) [1010] rotated 30° in the 
transverse direction about an axis in the rolling 
direction as reported by Clark.* These pole figures 
indicate however that the principal orientation 
tendency of cold rolled titanium is the location of 
a <1010> direction in the rolling direction. The 
(0001) maximum 30° from the rolling plane nor- 
mal is a secondary tendency. 
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Fig. 5—Position of 
the ideal textures. 
O—(0001) [1010]. 
(0001) [1010] 
rotated 30° toward 
TD about an axis 
in the RD. 


(0001) poles 


In Fig. 5 the positions of the (1010), (0001), and 
(1011) poles of the (0001) [1010] texture before 
rotation (white circles) and after rotating 30° to- 
ward the transverse direction about an axis in the 
rolling direction (black circles) are plotted over a 
polar stereographic net. As the (0001) [1010] tex- 
ture is rotated toward the transverse direction the 
poles move along the dashed lines in Fig. 5. By con- 
sideration of these movements the experimentally 
determined texture can be rationalized. 

As the (0001) pole moves from the rolling plane 
normal to the transverse direction in Fig. 5, the 
(1010) pole in the rolling direction stays fixed and 
acts as a rotation axis. The second (1010) pole 
however rotates from the position of the white cir- 
cle to the intersection of the dashed line with the 
rolling axis. Thus the measured intensities of the 
two positions will vary considerably. The (1010) 
pole not in the rolling direction will have maximum 
intensity at the black circle to correspond to the 
maximum intensity in the (0001) pole figure. The 
intensity from the white circle to the rolling axis of 
the (1010) pole figure will vary proportionally with 
the intensity in the (0001) pole figure from the roll- 
ing plane normal to the transverse direction. The 
(1010) pole in the rolling direction remains in one 
position for all of these orientations, however, and 
thus its intensity is proportional to the sum of all of 
the (0001) intensities from the rolling plane normal 
to the transverse direction. 

The (1011) rotations and the resulting (1011) 
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pole figure can be developed in the same manner. 
In this case it should be noticed that a rotation of 
the (0001) [1010] orientation to the right about an 
axis in the rolling direction produces the black cir- 
cles nearest the rolling direction and the transverse 
direction while a rotation to the left is necessary to 
produce the black circle nearest the rolling plane 
normal in the (1011) pole figure. 

The positions of the maxima of the rotated ideal 
texture have been indicated in Figs. 1, 2, and 3 by 
black circles. 

The origin of the second (0001) maximum in the 
commercial titanium sample No. 3 is not apparent. 
The appearance of a visible grain boundary phase in 
this sample suggests, even though no large differ- 
ence in composition was apparent in the analyses 
given in Table I, that the second maximum is due 
to a difference in composition. 

The pole figures of cold rolled titanium are seen 
to be influenced by two main factors. The first is a 
very strong tendency for one of the <1010> direc- 
tions to be in the rolling direction. The second is a 
tendency for the (0001) plane to be 30° or more 
away from the rolling plane. 

The appearance of a pronounced minimum at the 
rolling plane normal in the (0001) pole figure of 
titanium suggests that zirconium and beryllium may 
also show a similar, but less noticeable, minimum 
which was not apparent when using the photo- 
graphic pole figure technique. 

A theoretical investigation of the texture of titani- 
um has shown that the texture can be explained 
assuming {0001} <1120> and {1011} <1120> slip 
and {1122} and {1012} twinning.” The disappearance 
of the (0001) maximum in the transverse direction 
of the (0001) pole figure indicates that {1010} 
<1120> slip is relatively unimportant at higher 
reductions. 

Summary 

1—The (1010), (0001), and (1011) pole figures of 
iodide titanium and of three samples of commercial 
titanium were determined after cold rolling using a 
semiquantitative Geiger counter technique. 

2—The iodide titanium sample and two of the 
three samples of commercial titanium showed a 
(0001) [1010] texture rotated 30° toward the trans- 
verse direction about an axis in the rolling direction. 

3—A third sample of commercial titanium, having 
a much higher annealed hardness, showed a second 
maximum in the (0001) pole figure 20° toward the 
rolling direction from the rolling plane normal. 

4—-The main tendency of titanium in cold rolling 
was to have a <1010> direction in the rolling direc- 
tion. A secondary tendency for the (0001) planes 
to be at least 30° from the rolling plane was also 
apparent. 
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Technical Note 


URING the course of an investigation of mater- 

ials suitable for use as thermocouples at ele- 
vated temperatures by one of the authors, several 
molybdenum-rhenium alloys were prepared. Micro- 
graphs of an annealed alloy containing 25 pct Re 
(intended concentration; analysis not obtained) 
showed a number of twins, Fig. 1, suggesting a face- 
centered cubic structure. This note reports the 
structure and recrystallized wire texture of an alloy 
containing 25 wt pct Re. 

Alloys were prepared from 99.9 pct Mo (Fansteel 
Metallurgical Corp.) and rhenium obtained from 
the University of Tennessee (purity unreported). 
Powders were combined and briquetted at 56,000 
psi and sintering was carried out at 2400°C for 5 hr 


Table |. X-Ray Data for 75 Pct Mo-25 Pct Re Alloy 


d( Obs.) d(Cal)* 1( Obs.) 
ill 2.180 2.190 ms 
200 1.846 1.852 s 
220 1.306 1.309 s 
311 1.115 1.117 m 
222 1.065 1.069 m 
400 0.9250 0.9259 mw 
331 a 0.8479 0.8496 m 
331 as 0.8492 mw 
420 a 0.8278 0.8281 ms 
420 ae 0.8279 m 


Ao (extrapolated to 3.703%A 
* Calculated from value of Ao 


m, medium; ms, medium strong; s, strong; mw, medium weak. 


in vacuum. Ingots so prepared were swaged at 982.2° 
to 1037.8°C into wires 0.036 in. diameter, a reduc- 
tion in diameter of 85.6 pct. These wires were 
vacuum-annealed 1 hr at 2000°C. 

A North American Philips 114.59 mm _ powder 
camera and nickel-filtered copper radiation were 
used for structure determination. For the texture 
determination a Laue-type camera was used with 
zirconium-filtered molybdenum radiation and, be- 
cause of the high background, aluminum foil was 
mounted next to the film. Exposures were taken 
with the wire perpendicular to the X-ray beam and 
tilted by 10°. 


C. J. McHARGUE, Junior Member AIME, formerly Research 
Metoallurgist, University of Kentucky, is now Metallurgist, Ook 
Ridge National Laboratory, Oak Ridge, Tenn., and H. W. MAYNOR, 
Jr, Junior Member AIME, formerly Associate Engineer, Institute 
for Atomic Research, lowa State College, is now Research Associate, 
University of Kentucky, Lexington, Ky 
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Notes on a Molybdenum-Rhenium Alloy 
by Carl J. McHargue and Hal W. Maynor, Jr. 


Fig. 1—Annealing twins in 75 pct Mo-25 pct Re alloy annealed | 


hr at 2000°C. Etch: | part HNO,: 2 parts H.O: 3 parts HCI. X2000. 
Area reduced approximately 85 pct for reproduction. 


It was found that the X-ray pattern could be in- 
dexed on the basis of a face-centered cubic struc- 
ture. Because of difficulties associated with obtain- 
ing a good X-ray pattern for this material, accurate 
parameter determinations were not made. An indi- 
cated parameter value of 3.70A was obtained. The 
X-ray data are given in Table I. 

The annealed wire texture was observed to be a 
sharp [111] texture. The spread about this fiber 
axis was +8° at the surface of the 0.036 in. wire. 
The annealed wire textures of aluminum have been 
reported as retention of the [111] deformation 
texture for anneals below 500°C and a new [112] 
texture for anneals above 600°C.’ In copper wires, 
with a [111] plus [100] deformation texture, results 
indicate a retention of this texture for annealing 
at lower temperatures and new components or the 
disappearance of components for annealing at 
higher temperatures.’ The presence of the strong 
[111] texture in the molybdenum-rhenium alloy 
after a 2000°C anneal suggests that the deformation 
texture was the same. 
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Western Section, NOHC 
Lists Meeting Schedule 


At a meeting of officers and di- 
rectors of the Western Section of the 
National Open Hearth Steel Com- 
mittee, Iron & Steel Div., dates 
for meetings were set for Sept. 16, 
1953; Nov. 11, 1953; Jan. 20, 1954; 
and Mar. 17, 1954. A meeting may 
be scheduled at a later date for May 
19, 1954. A plant visit is being con- 
sidered for the latter date. The Sec- 
tion is interested in obtaining speak- 
ers who are planning West Coast 
visits during the winter months. 
Regular scheduled meetings will be 
held at the Rodger Young Audi- 
torium, 936 W. Washington Blvd., 
Los Angeles. 

The Section also announced that 
George B. McMeans, vice-president, 
Kaiser Steel Corp., has been elected 
Permanent Chairman of the group. 
Ralph J. Price, Bethlehem Pacific 
Coast Steel Corp., was elected Exec- 
utive Chairman; Paul E. Crow, Phil- 
lips Foundry Co., Vice-Chairman; 
and Robert P. Munson, E. A. Wilcox 
Co., Secretary-Treasurer. 


Dallas Host to NOHC 


Southwestern Section 


The fall 1953 meeting of the South- 
western Section, National Open 
Hearth Steel Committee is scheduled 
October 15 to 17 at Lone Star and 
Dallas, Texas, with Lone Star Steel 
Co., acting as host. 

Those attending the meeting will 
journey to Longview from St. Louis, 
Mo. via a string of private cars. The 
train leaves Union Station of the 
Missouri Pacific, October 14 at 5:45 
pm. Private cars will be placed on 
a siding at Longview. Breakfast will 
be at the Longview Hotel. After a 
plant visit to Lone Star facilities at 
Longview, members will entrain for 
Dallas, Texas, arriving there Octo- 
ber 16. Headquarters will be the 
Baker Hotel. 

A cocktail party with suppliers 
acting as hosts, and a fellowship 
dinner will follow a morning and 
afternoon technical session. Topics 
to be discussed at technical sessions 
include: Furnace Construction and 
New Trends, led off by L. J. Kirk 


and G. Henzelman; Waste Gas Anal- 
ysis, Where and When to Take Them 
and Applications, C. Rosenbohn; 
High Percentage of Natural Gas Fir- 
ing, L. Jennings and G. Miller; Mold 
and Teeming Practice vs Condition- 
ing Cost, K. P. Campbell and W. A. 
Peters; and General Practice of Rim 
Steel as Regards Furnace and Pit 
Practice, P. Nutting. 


H. Alyea to Speak 
At IMD Fall Meeting 


Intensified interest in the Research 
in Progress Session scheduled for 
the Fall Meeting of the Institute of 
Metals Div., Cleveland, October 19 
to 21, 1953, has resulted in the sched- 
uling of two such sessions. 

As announced in the September 
issue of JOURNAL OF METALS, one ses- 
sion will be held Tuesday afternoon, 
October 20. The additional session is 
set for Wednesday afternoon. The 
following reports, together with 
those previously noted in the Jour- 
NAL OF METALS, will be arranged for 
minimum conflict with other ses- 
sions: Temperature Dependence of 
Brittle Fracture in Ductile Metals, 
J. J. Gilman; Polygonization in Zinc, 
J. J. Gilman; The Effect of Ultra- 
sonic Irradiation on Metallurgical 
Reactions and Processes, L. McD. 
Schetky; Properties of Magnesium 
Alloy Single Crystals at Room and 
Elevated Temperatures, R. R. Nash 
and Arthur A. Burr; Continuous 
Cooling Transformation Studies with 
the High Speed Dilatometer, E. C. 
Nelson and E. F. Nippes; Behavior 
of Stressed Magnesium Single Crys- 
tals Below the Critical Resolved 
Shear Stress, David Krashes and 
Arthur A. Burr; and Origin of the 
Cube Texture in Copper, A. Merlini 
and P. A. Beck. 

Morris Cohen and Vernon Kalan 
announced that Herbert N. Alyea, 
Princeton University Professor, will 
address the IMD Annual Fall Din- 
ner. His subject will be Atomic 
Energy: Weapon for Peace. All at- 
tending the dinner are insured a 
thoroughly enjoyable, as well as 
enlightening evening. 

A cocktail party provided by the 
Cleveland Section will precede the 
dinner. The Committee requests that 
dinner tickets be purchased at time 


news 


of registration in order to facilitate 
planning. 


Pittsburgh Sections 


To Meet in November 


Pittsburgh Sections of the AIME 
and the National Open Hearth Com- 
mittee will hold their annual off- 
the-record meeting on Friday, Nov. 
6, 1953 at the William Penn Hotel. 

Papers on coal, ferrous and non- 
ferrous metals, petroleum, and gas 
will be presented at simultaneous 
sessions. The National Open Hearth 
Committee will also hold several 
sessions on steelmaking. 

A cocktail party and fellowship 
dinner will follow the day of tech- 
nical sessions. Gustav L. Schramm, 
of the Allegheny County Juvenile 
Court will speak at the dinner. 


ASEE-ECPD to Meet 
On October 14 to 17 


A joint meeting of the American 
Society for Engineering Education 
and the Engineers’ Council for Pro- 
fessional Development will be held 
October 14 to 17 at the Statler Hotel, 
New York City. 

Theme of the meeting will be 
creative thinking in the arts and in 
engineering. Speakers of national 
reputation will take part in the 
morning program devoted to crea- 
tive achievements in art, poetry, and 
music. 

One of the afternoon speakers will 
be Morris I. Stein, University of Chi- 
cago who will present A Psychol- 
ogist Looks at Creativeness. Another 
conference will cover the theme, 
Creativeness in Engineering with 
ASEE vice-president W. L. Everitt 
presiding. 

At another session Gregory Dextor 
will speak on Our Neglected Future 
Engineers. An engineers’ dinner will 
cap the meeting on the last day. 
Horace P. Liversidge, chairman of 
the board of Philadelphia Electric 
Co., Philadelphia, Pa., will address 
the gathering on Industry and Engi- 
neering Education. 

Gen. A. G. L. McNaughton, chair- 
man, Canadian Section of Interna- 
tional Joint Commission will discuss 
Water Problems on the Canadian- 
U. S. Boundary at a luncheon. 
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—produces a 
beautifully polished surface on practi- 
cally all metals and alloys—represents a 
new revolutionary approach for metal- 
lurgical specimen preparation. 


* The new Buehler-Waisman Electro-Polisher 
is a sturdy, stream-lined, laboratory instru- 
ment, designed for efficiency in performance. 


* Ferrous and non-ferrous metals can be pre- 
pared with equal speed and simplicity. Both 
large and small samples are readily accommo- 
dated. 

* Simple to operate—does not require an expert 
technician to produce good specimens. 

* Speed in operation—various specimens may 
be prepared in a fraction of the usual time re- 
quired. 

* Economical—only a small amount of non-ex- 
plosive chemical required. 

* Results are dependable — scratch free speci- 


mens, uniformly etched for true structure 

examination. 

THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT 
INCLUDES—CUT.OFF MACHINES @ SPECIMEN MOUNT 
PRESSES @ POWER GRINDERS @ EMERY PAPER 
GRINDERS @ HAND GRINDERS @ BELT SURFACERS @ 
MECHANICAL AND FLECTRO POLISHERS @ POLISH. 
ING CLOTHS @ POLISHING ABRASIVES 


Ld. 


METALLURGICAL APPARATUS 
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NEEDS 


RESEARCH ENGINEERS or PHYSICISTS 
for EXPANDING RESEARCH DEPARTMENT 
FOR EACH OF THE FOLLOWING 

PROJECTS: 
X-Ray diffraction—preferred orientation 
and phase work 
Vacuum melting and casting 
Fabrication of hexagonal metals 
Fabrication of brass and bronze 
Mechanical metallurgy pilot plant operation 
Application of diffusion phenomena 
Mechanical testing—tensile, creep, fatigue, 
stress rupture. 
We also need Sales Metallurgists and recent college 
graduates interested in metals research, production, or 
sales training. 


Opportunities for Advancement 
Excellent employee benefits: free medical and insurance 
} coverage, 7 paid holidays, paid vacations. Located in 
Southern Connecticut, air conditioning, good cafeteria. 
} Salary commensurate with experience and training. 
| All applications kept confidential. Please send resume to 


BRIDGEPORT BRASS COMPANY* 
| Salary Personnel Department 
30 Grand St. @ Bridgeport 2, Conn. 
(Phone: Bridgeport 4-1192) 
*Manufacturer of Non-Ferrous Mill Products of Quality since 1865. 
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Bosh Plores 


BLAST FURNACE 
COPPER CASTINGS 


1004 
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SMEETH-HARWOOD COMPANY 


8524 Vincennes Ave., Chicage 20, Illinois 
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STEP AHEAD ro NEW 
INVESTIGATIVE 


FOUR -WINDOW X-RAY TUBE FLEXIBILITY 


* The effective line focus of the NoreLco basic X-ray Diffraction Unit is 
0.06 x 10 mm. This unique line focus X-ray tube provides an effective slit source of intense 


radiation affording maximum resolution in shorter exposure times for diffractometry. 


Radiation output from four windows provides opportunity to extend the utility 

of the basic X-ray Diffraction Unit—to operate two goniometers from the two slit 
sources and a choice of cameras from two simultaneously available spot sources. 
This single feature increases operational speed and overall efficiency 

over other designs with fewer X-ray windows. An exclusive NoreLco feature. 


Moreleo 


felis 


ad ind 
INC. 


Dept. IG-10 + 750 South Fulton Avenue, Mount Vernon, N. Y. 
In Canada: Rogers Majestic Electronics Ltd., 11-19 Brentcliffe Road, Leaside, Toronto 17, Ontario 
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HIGH 


on QUALITY STEEL FROM RUST 


at the John A. Roebling's Sons Co 


DURING STORAGE AND SHIPMENT 


@ AN ALMOST IMPERCEPTIBLE FILM 
@ EXTREMELY HIGH COVERAGE 
@ EASY TO APPLY 


REILLY -WHITEMAN-WALTON CO. 
Gasce Refiners of Patty Ole Since 1923 


CONSHOHOCKEN-PENNSYLVANIA 
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2 
BANISH RUST PROBLEMS WIT X 
RY 
THE” PREVENTIVE 


pattern shown in the sectional view is taken from 
an unretouched, unmagnified photograph. This steel 
was rolled withopt intermittent heating cycles from 
ingot to billet, and frequently to final size, all with a 
minimum of hot tearing. 


The two billets shown were produced by a prom- 
ineat manufacturer of 310 stainless steel. Before rare 
earth additions, the billet on the left shows a coarse 
columnar structure, with frequent corner cracks. 
Heavy cogging was necessary to permit rolling with 
a minimum of hot tearing; after rolling a grinding 
loss from the edges incurred additional production 
time and expense. Write today fo Le free Progress Report 

a 


Consider the billet on the right, and the great Number 1, "Rare Earths in Melting.” 
improvement made by a small economical addition of ——) Just off the press! 
MCA RareMeT Compound. The fine primary crystal a 


MOLYBDENUM 


CORPORATION OF AMERICA ‘ 
Grant Building Pittsburgh 19, Pa. 
Offices: Pittsburgh, Cleveland, Detroit, Los Angeles, New York, San Francisco 
Soles Representatives. Edgar | Fink, Detroit; Brumley-Donaldson Co., Los Angeles, San Francisco 
Subsidiary. Clev siand Tungsten, inc., Cleveland Plants: Washington, Po., York, Pa. 
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One of the uses for the complete custom-built installation of Stokes vacuum 
freeze-drying equipment in Pitman-Moore Company's new million-dollar plant 
ot Indicnapolis, Ind. is to produce gamma globulin to combat poliomyelitis. 
One of the steps is drying the material from its frozen stote. Operators are 
shown removing trays of gamma globulin from Stokes freeze-dryers. Temperca- 
tures ore os low as 40° below zero F. during part of the freeze-drying cycle 


Operator transfers evacuated retort from heating 
to cooling station of Stokes Vacuum Anneoling 
Furnace, designed and built for the processing, 
annealing ond other heot treatment of titanium, 
zirconium, hafnium, copper and other metols. 


Installation of Stokes Rotory Vacuum Dryers used by Metals Disinte- 
grating Co., Berkeley, Californio, for drying of aluminum powder. 
Highly oxidizable materials can be handled without any danger of 
combustion or explosion when they ore processed under vacuum. 


Vacuum at Work 


Diese! locomotive armature being removed, 
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after impregnation, from Stokes high vacuum 
impregnating tonk in the San Bernardino, 
Calif., plant of Atchison, Topeka & Santo Fe 
Railway. Electric motors for the Santa Fe's 
“Chief and “Super Chief develop such ex- 
cessive heat that ordinary insulotion would 
swell or burst, causing the rotors to “freeze” 
in the mounting. By impregnating these rotors 
with protective resins under high vacuum in 
Stokes impregnotors, each turn of wire is held 
in place, motors operate without interruption. 


Diesel locomotive motors, paper and metals, 

medicines, electrical parts, toys ...are but a few in 

a wide range of products which are processed in 

vacuum for the good of mankind and the profit of business. 


The application of vacuum engineering to industry is a major 
function with Stokes engineers. And naturally so, for it is 

at Stokes’ that many of today’s accepted procedures of vacuum 
processing had their inception during the last fifty years. 


Stokes is First in Vacuum . . . first in the design and 
manufacture of practical vacuum processing 
equipment... and Stokes engineers are available for 
consultation on opportunities to apply 

vacuum processing to your business. 


F. J. Srokes MACHINE COMPANY, PHILADELPHIA 20, Pa. 


STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages / Industrial Tabletting. Powder Metal and Plastics Molding Presses ‘Pharmaceutical Equipment 
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7 
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Personals 


F. Milford Taylor has been elected 
to the board of directors, Bohn 
Aluminum & Brass Corp. 


L. W. Cope has joined the U. S. 
Vanadium Corp., Bishop, Calif., as 
metallurgist. 


Howard Steven Strouth, vice-presi- 
dent of Standard Mining Corp., re- 
cently returned from an inspection 
trip of the European associates of 
the company. 


Edward H. Platz, Jr., manager of al- 
loy sales, Lebanon Steel Foundry, 
Lebanon, Pa., was appointed chair- 
man of the public relations commit- 
tee, Alloy Casting Institute. 


Russell G. Dressler has been ap- 
pointed technical assistant to the 
president of Atlas Powder Co., Wil- 
mington, Del. 


H. J. Holquist and E. J. Richardson 
have been appointed assistant man- 
agers of the cold finished bar div., 
Joseph T. Ryerson & Son, Inc. 


Fred Kaiser has been appointed 
manager of the eastern region of 
Minneapolis-Honeywell Regulator 
Co., New York. 


Frank J. Hodnick has joined Solar 
Aircraft Co., San Diego as ceramic 
research engineer. Mr. Hodnick had 
formerly been in charge of research 
and plant control, Canton Stamping 
& Enameling Co., Canton, Ohio. 


Sam Tour has been elected presi- 
dent, Metal Science Club of New 
York. Mr. Tour is manager of Sam 
Tour & Co., New York. 


Charles C. Reiff, chief engineer of 
Rockwell Mfg. Co., Barberton, Ohio, 
has been promoted to chief engineer 
of the company’s delta power tool 
div., Bellefontaine, Ohio. 


Donald N. Frey has been named as- 
sociate director of research, Ford 
Motor Co. 


Franklin Farley is now associated 
with the Food Machinery & Chem- 
ical Corp., New York. He had been 
with International Minerals & 
Chemical Corp., Chicago. 


C. L. Huston is no longer associated 
with Northern Electric Co., Ltd., 
Montreal, Quebec. 


A. B. Capron, formerly chief engi- 
neer, Babcock & Wilcox Co., tubular 
products div., has been named assis- 
tant works manager in charge of the 
tube mills and engineering. Newell 
Hamilton, formerly superintendent 
of the steel mill, has been appointed 
manager of steel operations. 


S. M. Jenks has been appointed to 
the newly created post of assistant 
executive vice-president, operations, 


U. S. Steel Corp. John H. Elliott has 
been appointed vice-president, op- 
erations, steel and E. H. Gott has 
been made general manager, opera- 
tions, steel. 


John J. Stobie, Jr., sales engineer, 
Chicago, Apex Smelting Co., has 
been transferred to the new Los 
Angeles plant in a similar capacity. 


W. E. MAHIN 


William E. Mahin, formerly director 
of research for the Armour Research 
Foundation of the Illinois Institute 
of Technology, has been appointed 
technical director of Vanadium 
Corp. of America. He will direct the 
technical and research activities of 
the research center at Cambridge, 
Ohio. 


Richard S. Moore has been named 
an assistant general sales manager, 
Harbison-Walker Refractories Co., 
Pittsburgh. Mr. Moore has _ been 
manager of basic sales since 1949. 
He has been with the company since 
1929. 


L. W. Davis became associated with 
Kaiser Aluminum & Chemical Corp., 
Halethorpe, Md. and was recently 
appointed chief metallurgist of the 
Halethorpe works. 


Julius J. Harwood has been ap- 
pointed head of the metallurgy 
branch of the Office of Naval Re- 
search, Navy Dept. Mr. Harwood 
has been with the ONR since 1946 
and during the past several years 
has served successively as assistant 
head and deputy head of the metal- 
lurgy branch. 


Harold L. Walker, head of the dept. 
of mining and metallurgical engi- 
neering, University of Illinois, has 
become a partner in the M. & N. 
Engineering Co., Taunton, Mass. 
Professor Walker will serve as tech- 
nical consultant for the firm. 


Ralph D. Parker has been elected 
president of Canadian Nickel Co., 
Ltd., subsidiary of International 
Nickel Co., Inc. Mr. Parker has been 
vice-president and a director of 
Canadian Nickel since 1952. 


Richard M. Treco has been named 
section head for the research dept.’s 
newly formed atomic metallurgy 
group of the Bridgeport Brass Co., 
Bridgeport, Conn. 


Robert M. Parke has been named 
manager of the materials and pro- 
cesses section of the metallurgy re- 
search dept., General Electric Re- 
search Laboratory. Mr. Parke joined 
the metallurgy research dept. in 
1952. 


Robert C. Wade has been appointed 
assistant director of the chemical 
research laboratory, Metal Hydrides, 
Inc., Beverly, Mass. Robert D. Gray 
was named factory superintendent. 
He had formerly been superinten- 
dent of the chemical div. 


Darwin S. Weist was appointed chief 
engineer of St. Paul Hydraulic Hoist, 
Minneapolis, Minn. He has served 
as assistant chief engineer since 1950. 


S. David Tyler has been promoted 
to assistant general manager, foun- 
dry div., Eaton Mfg. Co. Paul W. 
Olson was named resident manager; 
Howard R. Johnson becomes factory 
manager; Ralph F. Evert was pro- 
moted to assistant sales manager; 
and Daniel J. Schindehette was 
named plant controller. 


David Walters has been appointed 
chief industrial engineer of Bohn 
Aluminum & Brass Corp., Detroit. 
Mr. Walters had been with the De- 
troit Aluminum & Brass Corp. 


Thomas E. Akers was elected chair- 
man of Dominion Brake Shoe Co., 
subsidiary of American Brake Shoe 
Co. Kenneth T. Fawcett was elected 
president and Maynard B. Terry, 
vice-president. 


Don W. Blend, general manager of 
Wolverine tube div., Calumet & 
Hecla, Inc., has been elected a vice- 
president of the company. 


J. L. Wagoner, formerly with West- 
inghouse Electric Co., has joined 
Multi-Amp Corp., Harrison, N. J., as 
vice-president and national sales 
manager. 


Reinhardt Schuhmann, Jr., has been 
appointed professor of metallurgical 
engineering by the School of Chemi- 
cal and Metallurgical Engineering, 
Purdue University. Professor Schuh- 
mann will be chairman of the div. 
of metallurgical engineering. He had 
been with MIT since 1935. 


(Continued on page 1391) 
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MEXICO REFRACTORIES CO. 


AND 


NATIONAL REFRACTORIES CO. 


NAMES THAT MEAN OUTSTANDING QUALITY 


JROK & 


ol 


MORTAR 


HILOSET 


SETS AT Temperatures 
Tomes CO 
ICO, 


MEX-R-CO Super-duty and First Quality Missouri and 
Pennsylvania Firebrick, Ladle Brick and Special 
Refractories meet the refractories requirements of 
Colorado Fuel and tron Corporation. 


& 
| 
| 
— MEXICO REFRACTORIES COMPANY, MEXICO, MISSOURI 
NATIONAL REFRACTORIES COMPANY, PHILADELPHIA, PENN. 


Joseph H. Pargeter is head of the 
steel forge operation of Willys Mo- 
tors, Inc., Toledo. Mr. Pargeter has 
been associated with Willys for 
more than 30 years and was general 
manager of the Willys aluminum 
forge div. since 1951. 


Gerald H. Lusher has been appoint- 
ed a refractories engineer by Norton 
Co., Worcester, Mass. 


Edward L. Kropa has joined the 
staff of Battelle Memorial Institute, 
Columbus, as chief chemical consul- 
tant. He had been vice-president 
and chemical director for the Bor- 
den Co., New York. 


R. F. MEHL 


Robert F. Mehl will be awarded the 
Francis J. Clamer Medal from the 
Franklin Institute of the State of 
Pennsylvania. The award will be 
given for his major contributions to 
the fields of metallurgy and metal- 
lography and for his numerous in- 
vestigations leading to obtaining 
values of theoretical and funda- 
mental importance. Dr. Mehl was 
recently appointed dean of graduate 
studies, Carnegie Institute of Tech- 
nology. 


Austin Goodyear, general manager 
of the rubber and conveyors divs., 
Hewitt-Robins, Inc., has been elect- 
ed a vice-president of the company. 


Franklin T. Davis has resigned as 
metallurgist with the Magma Cop- 
per Co., and accepted a position with 
the Colorado School of Mines re- 
search foundation. 


F. W. Borchers has been appointed 
general sales manager of the Bristol 
Co., Waterbury, Conn. 


Dean M. Cochran has been named 
assistant sales manager, Hydraulic 
Press Mfg. Co., Mount Gilead, Ohio. 


W. L. Pinner has been appointed 
manager of the process development 
div., Houdaille-Hershey Corp. 


Gordon R. Baer, Freyn engineering 
dept., Koppers Co., Inc., has been 
transferred from Pittsburgh, to Chi- 
cago. 


(Continued on page 1392) 
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Sales and Executive Offices: 248 Fourth Avenue, Pittsburgh 22, Pa. 
Brosius Division, Pittsburgh 15, Pa. ¢ Salem Engineering Division, Salem, Ohio 
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Edward George Bartlemas has been 
named foundry superintendent of 
McKinley Metals, Fort Worth, Tex- 
as. Mr. Bartlemas was previously 
aluminum foreman for the Wauke- 
sha Foundry Co, 


J. H. Babcock, formerly vice-presi- 
dent in charge of development and 
research has been named vice-presi- 
dent of Hooker Electrochemical Co. 


J. H. Bruun, formerly director of re- 
search, has been appointed director 
of research and development. 


J. H. Matthews was appointed exec- 
utive vice-president of Raybestos- 
Manhattan, Inc. 


P. L. Coddington has been appointed 
assistant to the president, Carpenter 
Steel Co., alloy tube div., Union, N.J. 


J. B. Gero has joined the National 
Research Corp., Cambridge, Mass. 
He had been with the research dept., 
Bethlehem Steel Co., Bethlehem, Pa. 


Charles C. Rieth has joined the staff 
of the National Lead Co. and the 
Nickel Processing Corp., New York. 


John E. DeMoss has accepted the 
position of chief metallurgist with 
the Keystone Carbon Co., Inc., St. 
Marys, Pa. He had been assistant 
professor of metallurgy, dept of 
metallurgy, University of Notre 
Dame. 


C. J. McHARGUE 


Carl J. McHargue is metallurgist 
with the Oak Ridge National Lab- 
oratory, Oak Ridge, Tenn. He had 
been with the University of Ken- 
tucky, dept. of mining and metallur- 
gical engineering, Lexington, Ky. 


Charles E. Greenlee, research engi- 
neer, has been named assistant to 
the vice-president of sales, Basic 
Refractories, Inc. 


Arvin W. Harrington has _ been 
named sales representative in metro- 
politan New York and Connecticut 
for the Carpenter Steel Co.’s alloy 
tube div., Union, N. J. 


James R. Ward has been appointed 
to the staff of Acheson Colloids’ 
product development laboratory. He 
was formerly employed in the re- 
search laboratory of the Diamond 
Crystal Salt Co. Walter D. Janssens 
was named a research assistant. He 
was formerly associated with the 
Marshall laboratories of E. I. duPont 
deNemours & Co. 


Harold E. Phelps, Jr. is melting su- 
perintendent, Wickwire Brothers, 
Inc., Cortland, N. Y. 


F. B. O’Mara has been appointed 
manager, metallurgical carbon sales, 
National Carbon Co. He has been 
associated with the firm since 1936. 


Charles W. Furlong has been named 
assistant director of personnel rela- 
tions of General Aniline & Film 
Corp., New York. 


Seward H. French, Jr., has been ap- 
pointed a vice-president of Crucible 
Steel Co. of America. Mr. French 
joined Crucible in 1947 as assistant 
to the president in charge of indus- 
trial and public relations. 


James H. Moore has been appointed 
general manager of Vacuum Metals 
Corp. Mr. Moore was formerly direc- 
tor of metallurgical research for Na- 
tional Research Corp., parent com- 
pany of Vacuum Metals. 


MODERN USES 


Edited by C. H. Mathewson 


Price: $4.90 to AIME Members; $7.00 to Nonmembers 


OF NONFERROUS METALS 


MODERN USES OF NONFERROUS METALS, 
edited by C. H. Mathewson, paints on a broad 
canvas progress in the field of utilization of 
nonferrous metals. Many radical changes have 
taken place since the first edition of this book. 
In essence, this second edition is a completely 
new work. Every chapter has been rewritten or 
added to, and in all cases brought up to date. 
The 26 chapters were written by leading au- 
thorities in their fields. Laboratory and produc- 
tion men have made giant strides in developing 


Published through the Seeley W. Mudd Fund by 


The American Institute of Mining and Metallurgical Engineers, Inc., 29 West 39th St., New York 18, N. Y. 


new alloys to meet man’s needs in an ever 
changing world. Thus, MODERN USES OF 
NONFERROUS METALS is a work which will 
find wide acceptance among both technical and 
nontechnical readers. For the young engineer, 
it contains a graphic picture of how nonferrous 
metals are used, while for others it embodies 
much that is new. The book is written in non- 
technical language. Approach in many chapters 
is narrative. Where illustration is required, 
tables, graphs, and other devices are used. 
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Illustrated is one of two Morgan 10-ton, 7-motor, 94’5” span Soaking 
Pit Cranes at The Colorado Fuel & Iron Corporation’s Pueblo Works. 
These cranes have a tongs range of 15”-30’. All motions on trolley 
are through worm reduction units. The trolley frame, bridge trucks 
and ram are fabricated and welded into one-piece units. 


Morgan has followed very closely the development of soaking pit 
cranes from the first tower and rack type to the present modern low 
stiff leg type built with or without counter-weights. Send for 
Bulletin 32-A. 


‘THE MORGAN Sugcucertug C0. 


ALLIANCE, OHIO + PITTSBURGH 


DESIGNERS 
MANUFACTURERS 
CONTRACTORS 


BLOOMING MILLS 

PLATE MILLS 

STRUCTURAL MILLS 

ELECTRIC TRAVELING CRANES 
CHARGING MACHINES 

INGOT STRIPPING MACHINES 
SOAKING PIT CRANES 

ELECTRIC WELDED FABRICATION 
LAOLE CRANES 

STEAM HAMMERS 

STEAM HYDRAULIC FORGING PRESSES 


SPECIAL MACHINERY FOR STEEL MILLS 


| 
| 
| 
| 
| 
| 
4 1420 OLIVER BUILDING 


Billet heating furnace with 
three heating zones just installed at 
the 25" rolling mill. Laclede 

Canon City refractory brick are 
installed in sidewalls and floor. This 
furnace heats tube mill steel, has 

a capacity of sixty tons per hour, and 
is fired by coke gas or natural gas. 


The Salem Rotary Hearth 
Furnace shown here is 
installed in the new tube 

mill. Laclede King brick line the 
sidewalls and floor. Billets are 
charged radially upon the Hearth 
by automatic charging tongs, 

and when heated are picked up and 
transferred to charging table by 

an automatic discharge tong 
machine. Billets are then pierced, 
forming rough tubes 


Outside view of Salem Rotary 
Furnace which has a rated capacity 
of 75 tons per hour 


Laclede-Christy Refractories 
used by Colorado Fuel and Iron 
in New Pueblo Furnaces 


Congratulations to C. F. & I. on the completion 
of their $30 million Seamless Tube Mill, the first 
such mill west of Chicago. C. F. & L., like many 
other large users of refractories, has found that 
Laclede-Christy refractories give excellent 
service throughout the steel mill. At the new Seam- 
less Tube Mill just opened at Pueblo, Laclede 
Fire Brick and Refractory Mortars are used 

in the billet heating furnaces and rotary hearth 
furnaces along with other selected Laclede 
refractories for various applications. 


Laclede Fire Clay, Silica, and High Alumina 
Refractories have helped iron and steel producers 
meet progressively higher production records for many 
years. Laclede-Christy works closely with personnel 

in the steel mill on all refractory problems involv- 

ing maximum furnace output at minimum cost. 


Laclede-Christy Company 


ARCADE BLOG., ST. LOUIS 1, MO. + Telephone: CEntral 0522 


Branch § NEW YORK + INDIANAPOLIS * CHICAGO + MILWAUKEE « PITTSBURGH 
Offices | HOUSTON « LOS ANGELES * SAN FRANCISCO + SEATTLE 
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Accumulated 
Experience of 


25 YEARS 


IN THE DESIGN, 
MANUFACTURE 
AND INSTALLATION 
OF OVER 


SOO UNITS 


INCORPORATED 
IN THE 


AVAILABLE 

IN CAPACITIES 
FROM 8,000 TO 
25,000 CMF GAS 


TWO-THIRDS 
OF SALES 
HAVE BEEN 
REPEAT 
ORDERS 
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In the Canton laboratory of The Timken Roller Bearing Company, this General Electric 
XRD-3 diffraction unit charts directly the residual elastic stress in high-hardness steels. 


X-ray now measures residual elastic 
stress 1n high-hardness steels 


Timken Company metallurgists 


achieve high accuracy with 
GE XRD-3 x-ray diffractometer 


Valid evidence that x-ray diffraction can provide im- 
portant information concerning the stress condition in 
hard steel parts has been published by metallurgists at 
The Timken Roller Bearing Company, Canton, Ohio. 
This development presents an accurate, practical meth- 
od of measuring the residual elastic stress in high- 
hardness steel. 

With a General Electric x-ray diffraction unit, they 
obtained measurements accurate enough for engineer- 
ing usage from a reasonably small test area (about 42- 
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inch square). And the results checked with electric 
Strain gauges. 

Non-destructive testing with GE x-ray diffraction 
units has found application in many fields. Among 
them: chemical, petroleum and ceramic, in addition to 
metallurgical. If you have a difficult diffraction prob- 
lem in your plant, check to see if General Electric has 
met one like it. Or write for a reprint of a paper de- 
scribing the above mentioned development. Address 
X-Ray Department, General Electric Company, Mil- 
waukee 1, Wisconsin, Rm. AY-10. 


You can put your confidence in — 


GENERAL @@ ELECTRIC 


4 
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Obituaries 


Kenneth Donaldson, (Member 1917) 
head of the metallurgical engineer- 
ing dept. of Case Institute of Tech- 
nology, died on Sept. 3, 1953. After 
graduation from Columbia Univer- 
sity in 1912 he worked for 9 years 
in lead and copper mines in the 
west. He was associated with Case 
Institute for 32 years. His broad 
knowledge twice sent him, as a con- 
sultant, on assignments overseas. In 
> 


K. H. DONALDSON 


1931 he went to Russia as a consult- 
ing engineer for Oglebay, Norton & 
Co. In 1945 he studied postwar in- 
dustrial problems in Germany for 
the Foreign Economic Administra- 
tions. Professor Donaldson was very 
active in the work of the Cleveland 
Local Section, AIME. 


John Howe Hall, (Member 1911), 
steel foundry consultant, and mem- 
ber of the advisory staff of Foundry, 
died Aug. 4, 1953, at Tarrytown 
N. Y. Educated at Harvard Univer- 
sity, he completed work for his 
bachelor degree in three years, and 
obtained a master of science degree 
in the fourth, graduating in 1903. A 
fifth year was spent under direction 
of Prof. Albert Sauveur, conducting 
research work on vanadium steel. 
From 1904 to 1906 he was asso- 
ciated with Bethlehem Steel Co., 
Bethlehem, Pa., where he became 
assistant superintendent of the cru- 
cible steel dept. After a summer as 
crucible steel melter with Buffalo 
Crucible Casting Co., Buffalo, N. Y., 
Mr. Hall joined Taylor-Wharton Iron 
& Steel Co., High Bridge, N. J., 
where he remained until 1937, with 
the exception of 1913 and 1914, when 
he practiced as a consulting metal- 


NECROLOGY 
Date 


Elected Name 

1915 Kenneth C. Browne 
1917 Kenneth H. Donaldson 
1937 Marshall D. Draper 
1950 Cedric Keith Ferguson 
1911 John H. Hall 

1952 Charles D. Kerr 

1920 P.B. Lord 

1888 Erskine Ramsay 

1935 Robert Waskey 

1939 C.G. Williams 

1904 Frederick E. Wright 


lurgist in New York. In 1937 he re- 
sumed consulting practice, inter- 
rupting this from 1942 to 1945 to act 
as assistant metallurgist for General 
Steel Casting Corp., Eddystone, Pa. 

Mr. Hall wrote numerous papers 
on steel practice for various tech- 
nical societies and the technical press. 
He was author of The Steel Foundry, 
and several chapters of the ABC of 
Iron and Steel (fifth edition). He 
served on committees of various 
technical societies, and was the first 
recipient of the J. H. Whiting Gold 
Medal Award of the American Foun- 
drymen’s Society. He presented the 
Henry M. Howe Memorial Lecture 
of the AIME in 1929 and the Charles 
Edgar Hoyt Annual Lecture of the 
American Foundrymen’s Society in 
1949. He was a fare of those 
organizations as well as of the ASM, 
ASTM, British Iron and Steel In- 
stitute, and Electrochemical Society. 


Erskine Ramsay (Member 1888) died 
Aug. 15, 1953. Mr. Ramsay was a 
mining engineer, industrialist, and 
philanthropist. Born in 1864 in Six 
Mile Ferry, Pa., he graduated from 
St. Vincent’s College, Pa., in 1883. 
Trained under his father, who was 
a coal mine superintendent, Mr. 
Ramsay as a youth worked for as 
little as $2.00 a month, yet he be- 
came a millionaire while in his ear- 
ly forties. At the age of 19, he be- 
came superintendent of the H. C, 
Frick Coke Co.’s Monastery mines; 
the next year he was made superin- 
tendent of the Morewood Coke Co 
and the South West Coal & Coke 
Co. In 1887 Mr. Ramsay went to 
Birmingham as superintendent of 
the Pratt mines for the Tennessee 
Coal, Iron & Railroad Co. He be- 
came vice president and chief engi- 
neer in 1901 for the Pratt Consoli- 
dated Coal Co. which is now part of 
Alabama By-Product Corp. Later 
severing his association with coal 
mining, Mr. Ramsay entered into 
partnership with G. B. McCormack 
and became president of the Ram- 
say-McCormack Land Co. Mr. 
Ramsay held directorships in numer- 
ous Alabama industries and organ- 
izations. During World War I he was 
a Dollar-a-Year man and a mem- 
ber of the Peabody Committee. He 
was president of the Alabama Board 
of Education from 1922 to 1941. His 
gifts to education in Alabama 
amounted to hundreds of thousands 
of dollars. Mr. Ramsay’s best known 
invention, the shaking screen proc- 
ess, was never patented, but he pat- 
ented 40 other devices used in coal 
mining. Although he received sev- 
eral honorary degrees and many 
other honors, the one Mr. Ramsay 
cherished the most was the William 
Lawrence Saunders Gold Medal of 
the AIME awarded to him “for bi- 
tuminous coal mining inventions; 


for improvement in coke making 
that resulted in the establishment of 
the steel industry in Alabama; for 
administering large enterprises and 
for benefactions to educational in- 
stitutions.” Mr. Ramsay was a Le- 
gion of Honor Member of AIME. 


for Meabenhip 
— Metals Branch AIME — 


Total AIME membership on Aug. 31, 1953 
was 19,281; in addition 1747 Student Assoct- 
ates were enrolled 


ADMISSIONS COMMITTEE 

O. B. J. Fraser, Chairman; Philip D. et 
son, Vice-Chairman; F. A. Ayer, 
Brinker, R. H. Dickson, Max Gensamer, x. 
A. Given, Fred W. Hanson, T. D. Jones, G. 
w. Lutjen, E. A. Prentis, Sidney Rolle, J. T. 
Sherman, F. T. Sisco, R. L. Ziegfeld. 

The Institute desires to extend its privi- 
leyes to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as possi- 
ble and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership 

In the following list C/S means change of 
status; R, reinstatement; M, Member; J, Jun- 
ior Member; A, Associate Member; S, Stu- 
dent Associate. 

Alabama 

Birmingham—Bertossa, Robert C. (M) 
California 

San Mateo— Paulsen, Lloyd H. (A) 
Connecticut 

Hartford—Nilsen, Arnold E. (J) 
Shelton-—-Horvath, Louis (J) 

Illinois 

Chicago—Hughes, David R. (A) 

Chicago— Nelson, Leon H. (M) «(R. M) 
Chicago—Tolliver, Harold J. (A) 
Glenview—Hookanson, Kenneth G. (M) (R. 
C/S—J-M) 

Granite City—Patton, John R. (M) 
Niles—Johnsen, Arnold C. (A) 

Michigan 

Detroit—Kilburn, Thomas A. (J) (R. C/S— 


S-J) 

Detroit—Miller, Walter R. (M) 

New York 

Albany—Richey, William E. (M) 

Larchmont—Laub, Gustav (M) 

New York—Karpe, Sidney A. (J) (C/S—S-J) 

New York—Roth, Arnold (J) 

New York—Terman, Mark J. (A) 

Niagara Falls—Monaghan, John (M) 

North Carolina 

Morgantown—Allen, Robert G. (A) 

Ohio 

Bedford—-Thomas, Myron F. (M) (R.C/S— 

J-M) 

Cleveland—Komp, Charles E. (A) 

Cleveland—-Stedronsky, Charles J. (A 

Middiletown—Bell, S. Alvin (M) 

Pennsylvania 

Bridgeville—-Staggers, John O. (M) 

Butler—Bilowick, George (A) 

McKeesport——Doyle, William L. (A) 

McKeesport—-Eusner, George R. (A) 

Phoenirxrville—Ott, S. A. (A) 

Pittsburgh—Harris, Homer E. (J) 

Pittsburgh—Kamen, Elliott L. (J) 

Pittsburgh—Nicholson, Frank E. (A) 

Pittsburgh—Richardson, Harry L. (A) 

Pittsburgh—Sipp, Elmer F., Jr. (A) 

Pittsburgh—Wallace, Andrew D. (A) 

Springfield——Caulfield, Martin W. (A) 

Wvomissing—Perfect, Frederick H. (J) 

Texas 

Corpus Christi--Henderson, John J. (J) (C/S 
S-J) 

Harlingen A. F.B 

Virginia 

wre -Nevitt, Michael V. (J) (C/S— 

Utah 

Salt Lake City—Ingalls, Robert B. (M) (R. 

C/S—S-M) 

Salt Lake City—Thomas, Ivor (J) 

Canada 

Falconbridge, Ont.—Langley, John N. (J) 

Hamilton, Ont.-McCally, Grady H. (A) 

Germany 

Bochum—Taluja, Shamsher S. (M) 

Sterkrade—Bulle, Georg (A) 

Spain 

Seville—Priegue, Armando G. (M) 


Tunis, Irwin L. (J) 
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Death 
July 10, 1953 
Sept. 3, 1953 
Aug. 14, 1953 at 
Aug. 11, 1953 
Aug. 4, 1953 
June 5, 1953 
Aug 9, 1953 
Aug. 15, 1953 
Aug 1, 1953 
Aug. 14, 1953 
Aug. 25, 1953 aes 


All red letter items are 
serving THE COLOKADO 
FUEL AND IRON CORP. 
Photo to left shows an in- 
side view of the interlock- 
ing suspended arch—small 
radius nose—and supported 
side wall enclosing the pre- 
heating chamber of a Rust 
Furnace Co. triple fired 
furnace at Pueblo, Colo. 
Photo below shows an in- 
side view of the arch and 
U-type, air cooled, baffle 
wall on the Salem-Brosius 
rotary hearth furnace at 
Pueblo. 


BAFFLE WALL, and PIT COVER. 


In this Pueblo plant the 


Flinn & Dreffein Engr. Co. 


normalizing furnace and 


the Continental Ind. Engr. 


Inc. “roll down” reheat fur- 


nace are also equipped with 


the same interlocking roof 


and nose. 


The Wickwire Spencer 
Steel Div., Buffalo, N. Y., is 


using our suspended pit 


covers with the unitary 


type sand seal. 


Interlocking Arch Department, L. S. Longenecker, Mar. 


INC. 


436 EAST BEAU STREET . WASHINGTON, PENNA., U. S. A. 
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Lectromelt* Furnace engineers produced this 
hydraulic electrode lift to provide unobstructed 
space over a smelting furnace. “We must have 
free headroom,” was our customer's specification. 

The lift is self-leveling as it raises and lowers 
the giant 30-inch electrode. The special clamp, 
also produced by Lectromelt engineers, grips 
the electrode firmly and safely without harm- 
ing the carbon. The Lectromelt assembly gave 


when your smelting furnace 


must be SPECIAL--- 


the customer exactly what he wanted. 

You may have similar special furnace require- 
ments. If so, you can be sure that Lectromelt 
Furnace engineers are qualified to design and 
produce the type of equipment you need. 

Write for Bulletin #105 which describes 
Lectromelt Smelting and Reduction Furnaces 
in detail. Pittsburgh Lectromelt Furnace Corp., 
326 32nd Street, Pittsburgh 30, Pennsylvania. 


Manvtaectured in . . . CANADA: Lectromelt Furnaces of Canada, iid., Toronto 2. . . ENGLAND: Birlec, Lid., 


Birmingham ... FRANCE: Stein et Roubaix, Poris . . 


. BELGIUM: S$. A. Belge Stein et Roubaix, Bressoux-Lliege 


.. SPAIN: General Electrica Espanola, Bilbao... ITALY: Forni Stein, Genoa. JAPAN: Daido Steel Co., lid, Nagoya 


U.S PAT. OFF 


MOORE RAPID 


WHEN YOU MELT... 


ONE HUNDRED FIFTY 
TONS CAPACITY 
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RGAN 


and 


Colorado Fuel & lron 


work together 
on many problems 


3-Strand Rod Mill, Pueblo, Colorado 


10” Rod Mill and 18” Billet Mill, Wickwire 
Spencer Div., Buffalo, N. Y. 


10” Rod Mill and 18” Billet Mill, John A. 
Roebling’s Sons Corp., Roebling, N. J. 


MORGAN 
CONSTRUCTION a Wi 
COMPANY MORGAN 


4-High Cold Mi 
WORCESTER, MASSACHUSETTS ; with MORGOI 


bearinc 
John A, 
Roebling’s 
Sons Corp., 
Trenton N, J. 


Morgan-Connor Wire Drawing Machinery at Colorado Fuel and Iron Corp., 
Pueblo, Colo.; Wickwire Spencer Div., Buffalo, N. Y., and Palmer, Mass. ; Pacific 
Coast Div., Oakland, Cal.; and John A. Roebling’s Sons Corp., Trenton, N. J. 
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